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EFFECTS OF CALCi™ ADMINISTERED PARENTERALLY TO THE 
NORMAL AND THE PARATHYROIDECTOMIZED DOG 

PAUL L. BEDINGER, A. B. KENDRICK and ROBERT W. KEETON 
{From the Deparlmeni of Iniemal Mtdicifit, VnitcrtUy of Illinois College of Medicine, 
Chicago) 

Received for publication July 21, 1041 

Clinicians as a rule have established definite safeguards for the intravenous 
injection of calcium. These precautions have arisen from the demonstrated 
toxicity of calcium ions in animal experiments (1), the various clectrocardio- • 
grapluc changes in man (2), and the report of sudden death in two patients 
receiving digitalis immediately after the intravenous administration of cal- 
cium (3). Our interest in the problem arose from the necessity of treating 
patients suffering from post-operative tetany. It seemed important again 
to study experimentally the mechanism of death produced by calcium injec- 
tions. Results n-ill be reported from two types of experiments: (a) continuous 
injection of a solution of calcium gluconate until death, into dogs with normal 
and low blood calcium levels (parathyroidectomized) and (b) a single injec- 
tion of a toxic dose of calcium salts. 

A. Continuous injection of caixxum cuuconate until death. Erperimtntal 
melhods. The dogs used in the experiments weighed 15 to 35 kgm. This allowed the 
withdrawal of samples without significant alterations of the blood volume. In the case 
of the parathyroidectomized animals, the experiments were performed 2 to 3 days after 
the operation. Nembutal anaesthesia (35 mgm. per kilogram) was used, a cannula was 
inserted in the carotid artery so that pulse and blood pressure tracings could be ob- 
tained, electrocardiograms (lead 2} were taken at intervals, and blood samples were 
drawn for analysis. Following the technique of Lieberman (4) an 8.4 per cent calcium 
gluconate in distilled water was injected at the rate of 4 cc. per minute into the left 
femoral vein until death (fall in the blood pressure to zero). The serum proteins were 
determined by the micro-Kjeldahl method, the calcium by the Clark-Collip modifica- 
tion of the Kramer-Tisdall procedure (5), and the phosphorus by the method of 
Youngburg (6). 

Resui/ts. Stages of caldum action. If one observes the blood pressure 
tracings taken from normal and parathyroidectomized dogs during the con- 
tinuous injection of calcium, and correlates them tvith the blood chemical and 
electrocardiographic results, tliree stages may be distinguished. In the first 
stage, which lasted upwards of 5 minutes, a maximum of 20 cc. of calcium 
gluconate (1.68 grams) w’as injected. The blood pressure in this period re- 
mained normal (around 160 mm. Hg). At the end of this stage the heart 
1 
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showed slowing and an increase in the amplitude as the second stage was 
initiated. The serum calcium values were increased up to a level of 25 mgm. 
In the second stage, which often lasted as long as IJ hours, the blood pressure 
was slightly elevated (10 to 30 mm.) at the early part and normal to lower 
(20 to 40 mm.) towards the end. The cardiac slowing noted at the beginning 
might be continued for a time but was eventually replaced b}"- a tachycardia. 
The serum calcium levels now ranged between 25 and 75 mgm. per cent. The 
volume of fluid injected was proportional to the survival time of the nnimni 
and often amounted to 400 cc. Sudden death might occur at any time in this 
stage. If the dog survived, the third stage was initiated by a gradually falling 
blood pressure in which cardiac irregularities, slowing of the rate, and changes 
in the amplitude were noted. The calcium levels at this time were between 
75 and 250 mgm. Some animals tolerated as much as 1000 cc. of fluid. 

Electrocardiographic changes. These are based on a study of 13 normal 
animals. During the first stage no changes were noted. In the second stage 
there was a slight prolongation of the PR interval (range 0.04 to 0.08 second) 
and at times the P waves were absent. The QRS frequently showed lower 
voltages, slurrings and notchings. At times the S waves appeared when they 
had been previously absent. The T waves showed inversion, and at other 
times increased prominence. In nine animals sudden death occurred without 
a previous onset of changes other than those noted in the second stage. Four 
animals from which tracings were taken survived the second stage and had 
blood calcium levels in excess of 75 mgm. One of these died in cardiac arrest 
after a previous run of ventricular fibrillation. One died in ventricular fibril- 
lation preceded by a slowing of the rate (90 to 30), lengthening of the PR 
interval (0.04 second) and an increase in the prominence of the T wave. A 
final one died with ventricular fibrillation preceded by a run of extrasystoles. 
These findings are quite similar to those reported by Smith, Hoff and 
Winkler (7). 

Electrocardiographic changes reported by other workers in experimental 
animals consist of changes in rate, premature beats, shifts of the auricular 
pacemaker, varying degrees of block, alterations of the T wave, deepening of 
the S wave, ventricular fibrillation and death (8). In man the earliest corre- 
sponding changes are vagus-like actions, bradycardia, sinus arrhythmia, 
shifting of pacemaker, various degrees of heart block; the later actions — foci of 
idiopathic ventricular rhythm, ventricular extrasystoles, flattening or inver- 
sion of T waves, notching of QRS (2, 9)— are on the ventricle. 

Changes in serum proteins. The serum proteins levels following parathy- 
roidectomy were not altered significantly. With the intravenous injection of 
calcium in both the normal and the parathyroidectomized animals there was a 
gradual and progressive fall in the percentage of serum proteins. Although 
some of the animals surmved for longer periods of time and received corre- 
spondingly larger volumes of calcium solution, they did not show significantly 
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lower protein values than animals which had smaller quantities of fluid. 
Thus eight animals (table 1) receiving injections of 500 cc. or more showed an 
average fall of serum proteins of 37 per cent, while six receiving less than 500 
cc. showed an average fall of 40 per cent. 

If one compares the fall in the scrum proteins in the normal (39 per cent) 
and the parathyroidectomized animals (38 per cent) there is apparently no 
difference. The fall is not related to the initial blood calcium levels nor to the 
total quantity of calcium gluconate injected. 

Inorganic phosphorus. In norma! animals the inorganic phosphorus level 
rose definitely as the calcium levels increased (4 to 15 mgm.) but there was no 

TABLE 1 


Effects of continuoui injection of calciuni gluconate until death 


IfHII 

■ 


BEItUU CAICTUM 
LEVEL 

BCBOU rnoTEiK 

LtVXL 

H 

Before 

Tcrroinat 

Before 

Termlaal 





mt. prr 

framt 

ersru vtr 




**. 

tOOee. 

100 te. 

pertOOee 




B1 

670 

10.6 

240.0 

C.89 

3.23 

53 


B2 

250 

10.4 

74.3 

6.1 

3.9 

86 


D3 

270 

8.3 

74.) 

5.77 

1.3S 

76 

1. Normal dogs 

B4 

500 

9.2 

74.2 

C.44 

4.46 

31 

D5 

300 

8.5 

101 5 

C.24 

4.23 

32 


BG 

670 

9.1 

77.1 

8 2 

5.3 

35 


B7 

600 

11.5 

42.0 

6.23 

5.26 

14 


B8 

1,000 

12.3 

40.2 

7.C 

4.96 

85 







Average 

. 59 


Cl 

1,013 

6.8 

144.6 

7.5 

2.95 

GO 


C3 

218 

8 3 

3S.1 

7.5 

5.3 

30 


C4 

740 

C.O 

58.7 

6.5 

3.27 

50 

2. Parathyroidcctom- 

C5 

225 

9.2 

37.5 

6.5 

3.26 

50 

ized dogs 

C6 

180 

4 4 

67.6 

5.69 

4.70 

18 


C7 

600 

4.6 

49.8 

6.83 

5.38 

21 







Average 

58 


* Calcium gluconate, 8.4 per cent. 


defimte linear correlation. In one parathyroidectomized ammal there was 
little change in the phosphorus level despite the marked increase in the calcium 
level. 

Lethal factors. Reference to table 1 shows that there is no predictable level 
of blood calcium in either the normal or parathyroidectomized animals at 
which death will occur. In the 8 normals the average amount of calcium 
solution injected before death amounted to 540 cc. In the G parathyroid- 
ectomized animals with low initial blood calcium levels the corresponding 
figure was 49G cc. (8 per cent less than in normal animals). An initial low 
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level of calcium resulting from the parathyroidectomy did not protect the 
animal against calcium injections. It has been previously noted (10, 11, 4) 
that high concentrations of calcium reaching the heart cause immediate 
death. If the blood calcium is raised more slowly (4} much larger Quantities 
may be tolerated before death ensues. Our experiments agree with those of 
others in that the cause of death is cardiac arrest following ventricular fibrilla- 
tion and that in the course of the injections the imminence of death cannot be 
predicted. We believe that early deaths are attributable to a primary calcium 
effect on the heart. However, the tolerance of some animals for large quanti- 
ties (1000 ec. and 1013 cc.) of calcium gluconate and the striking lowering of 
the serum proteins suggest that an additional site of calcium action should be 
sought. 

Until the terminal stages the blood pressure was well maintained and the 
urinary secretion was continuing at a time when a fall in serum proteins had 
already been established. The effect of the constant injection of the calcium 
solution was to maintain the blood volume and prevent a fall in blood pres- 
sure. There was therefore no gross discrepancy between the blood volume 
and vascular bed, and it was obvious that our experimental objective now 
should be a study of the disappearance of the scrum proteins. It was there- 
fore decided to give a toxic dose of calcium in a single injection and to follow 
the alterations in plasma volume and serum proteins produced by this 
injection. 

B. Single injection of a toxic dose of calcium salts. Experimental procedures. 

A blood volume determination using the dye T 1824 (Evans blue) (12) was brat done. 
This was followed immediately by an injection of a solution of 8.4 per cent calcium 
gluconate, amounting on the average to 17.7 cc. per kilogram of body weight. A second 
blood volume determination was done from 16 to 90 minutes after completion of the 
injection. In some of the experiments nembutal was used as an anaesthetic, in others 
no anaesthetic was used. For the plasma volume determinations the technique of Gib- 
son and Evans (13) was employed with the substitution of a photo-electric colorimeter 
for the spectro-pbotometer. The dye was dissolved in 0.85 per cent sodium chloride to 
make a 0.5 per cent solution. It was then stored in ampules so that 11 to 12 cc. could 
be withdrawn. Ten cubic centimeters (50 rogra.) of the dye were injected into the 
animal and a remaining 1 cc. diluted to 200 cc. was used for the calibration curve. Since 
the average plasma volume of the dogs was 1000 cc., this made the dilution of dye within 
and without the animal comparable. For the calibration curve the dilutions were made 
by using a series of 5 tubes. Into each tube was placed 1 cc. of serum, diluted to 10 
with saline solution, varying volumes of the dye (2.5 cc., 2.0 cc., 1.6 cc., 1.0 cc. and 0.0 cc.) 
and sufficient saline (0.85 per cent) to make up the final volume to 10 cc. The disap- 
pearance of the dye from the plasma was determined by withdrawal, from the dog, of 
six samples at 10 minute intervals. One cubic centimeter of scrum from each of these 
samples was diluted to 10 for comparison with calibration curve. The second blood 
volume was estimated in a similar manner after a new calibration curve was made. 

• Results: Control experiments. In table 2 are summarized the studies on 
normal dogs of successive blood volume determination. When the plasma 
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volumes were repeated on the same day, four hours were allowed to elapse 
between the first and second determinations. The agreement between the 
figures for plasma volume is quite eatisfactorj'. In each case a third estima- 
tion of plasma volume was made 7 da3r3 later with similar agreement. Gibson 
and Evans (13) have reported that repeated sampling of blood from the vein 
causes a drop in the cell: plasma ratio. In this event there would of course 
be a corresponding fall in the cell and blood volumes. This may account for 


TABLE 2 

Rejiealtd blood t^lume determinatiom on normal do(i$ 


ANQIAL 

BATE 

PtABUA 

TOLOIE 

CHAMOt 

IN 

FLAiUA 

TOLCME 

BQCATO. 

CRIT 

BLOOD 

TOLOUB 

cm. 

TOims 

CHAKOE 
IN CXBCIF' 
LATINO 
CELLS 

CXRCD' 

LATINO 

BESVU 

BBOTEIN 

CBAKOC 
IN CIRCC- 
LATINO 
SEBcru 
rSOTEIN 



«. 

perteni 

peretnt 

ttlU 

te. 

u. 

peretnt 

tramt 

per tent 

( 

2/21 

1.146 


53.6 

2,471 

1,325 


73.3 


1 


1,195 

+4.3 

63.4 

2,666 

1,371 

+3.6 

73.0 

-0.4 

1 

2/28 

1,175 

+2.5 

49.9 

2,346 

1,171 

-11.6 

CS.3 

-7.3 


3,3 

1.295 


43.1 

2,279 

9S3 


82.6 


2 


1,290 

“0.4 

33.1 

1,929 

639 

-35.0 

79.7 

-3.7 


3/10 

1,303 

+1 0 

36.6 

2,065 

757 

-23.0 

85.6 

+3.7 


3/4 

826 


61.8 

2,JG5 

1,339 


53.3 


3 • 


831 

+0.G 

5S.3 

1,993 

1,102 

-13.3 

53.1 

-0.47 


3/11 

871 

+5.6 

57.0 


1,156 

-13.7 

59.5 

+11.6 


Blood volumes before and after injection of 400 cc. 0.85 per cent sodium chloride 


^ { 

1/6 

1,121 

1,218 

+8.7 

39.9 

34.6 

1,866 

1,862 

744 . 3 ' 

644 .0| 

-13.6 

73.6 

72.7 

-1,1 

^ { 

1/10 ; 

1,196 

1,302 

+8.9 

33.8 

34.0 

1,806 

1,972 

609.6 

669.6, 

+9.8 1 

71 5 
72.6 1 

+1.4 


the difference in some of our hematocrit readings (table 2), and emphasizes 
the fact that the dye method measures primarily plasma volume. Other 
methods are required to measure directly the cel! volumes. 

When the blood volume was increased by the intravenous injection of 400 
cc. of isotonic salt solution there was a slight increase in plasma volume and a 
drop in the percentage of serum proteins, but there was no alteration in the 
total circulating serum proteins. The hematocrit values were variable. In a > 
slightly different type of experiment, in which the control blood volume 
estimation was made one week prior to the experiment, similar results were 
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obtained. In these e.\T 3 eriments the quantity of saline injected (800 to 1200 
cc.) was equivalent to the animal’s plasma volume. One hour was consumed 
in the injection of both calcium and salt solution and I 5 hours were allowed 
to elapse before the second estimation of blood volume was made. If it had 
been determined somewhat earlier, the diluting effect of the salt solution on 
the plasma volume would doubtless have been more evident, but there still 
would have been no change in the total amount of circulating serum protein. 

Blood volumes in unanesthelized dogs before and after the injection of calcium 
sails. The fall in plasma voliune from 13.1 to 47.9 per cent (table 3) after the 
injection of calcium salts is strikingly significant. The corresponding reduc- 

TABLE S 


Blood volumes of dogs before and after injection of calcium salts vrithout anesthesia 


DATE 

TOTAL 

CALCIUM 

INJEC- 

TED* 

FLASMA 

VOLUME 

CHANOE 

IN 

PLASMA 

VOLUME 

HEMATO- 

CRIT 

BLOOD 

VOLUME 

CELL 

VOLUME 

CHANOE 
IN CIRCU- 

latind 

CELLS 

CIRCU- 

LATINO 

SERUM 

PROTEIN 

CHANGE 
IN CIRCU- 
LATINO 
SERUM 
PROTEIN 


ce. 

ee. 

per cent 

per cent , 
cells i 

CC. 

CC. 

per cent 

grams 

percent 

1/ 9/40 


891.3 


56.9 

2,068 

1,177 


53.3 



400 

426.6 

- 47.9 

72.5 

1,553 

1,126 

- 4.3 

31.8 

-40.4 

2/27/40 


1,214 


56.0 

2,756 

1,543 


86.8 



385 

861 

-29.1 

67.3 

2,633 

1,772 

+14.8 

68.9 

[ -20.7 

2/14/40 


755 


48.2 

1,477 

722 


44.3 


2/20/40 

244t 

473 

-37.4 

63.6 

1,300 

827 

+14.5 

34.4 

-22.4 

12/ 8/39 


1,016 


41.1 

1,726 

710 


65.0 


12/27/39 

300 

883 

-13.1 

49.2 

1,740 

856 

+20.6 

49.7 

-23.5 


*8.4 per cent calcium gluconate unless othemise indicated, 
t 2.76 per cent CaCl!-2HjO instead of 8.4 per cent calcium gluconate. 


tion in circulating serum proteins indicates that there has been a gross seepage 
of the plasma from the vascular bed. The rise in the hematocrit readings 
and the increase in the volume of circulating cells suggest that during the 
calcium injection fresh supplies of blood have been washed from the “blood 
depots.” The augmented blood volume is subsequently reduced by the loss 
of plasma despite the retention of the celts. The vascular channels have 
become permeable to the plasma proteins but remain impermeable to the red 
blood cells. 

In three experiments (table 4) there was a loss in serum proteins without 
significant change in plasma volume. Tilien the toxic effects of calcium are 
less e\ddent the animal may maintain its plasma volume bj' the addition of 
water and electrolytes during a period in wliich there is a progressive loss of 
serum protein. WTien the calcium action becomes more to.xic this protective 
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mechanism breaks do\m and the water and protein alike escape through the 
vascular walls. 

Blood volumes tn dogs aneslhctizcd with nembutal before and after the injection 
of calcium. Although the experiments detailed above appeared .significant it 
seemed important to repeat them on anesthetized animals. Under these 
conditions reflex changes due to sampling and injection, also cl)angcs due to 
muscular activity and struggling (14, 15) would be eliminated and tlic tech- 
nical details of the experiment would be simplified. 

Control volumes under nembutal anest/icsid. Hamlin and Gregersen (14) 
have reported a 10 per cent increase in plasma volume in cots anesthetized 
with nembutal. Wo could find no other studies of the efTocts of nembutal on 
blood volume. For this reason blood x'olume estimations were made before 

TABLE 4 


Ptaamn volume changes in dogs after injection of calcium gluconate without anesthesia 




rtAiMA 

VOltTUB 

CUAKOe 

rLASUA 

VOLTMG 

BKUATO. 

eWT 

DtOOO 

TOICUK 

rux 

VOLCME 

ntAVOB 

IK nnen- 
Latino 

CCLLA 

ciBcr. 

LATTKO 

eEKCM 

rHOTBIK 

CnANOE 

LATINO 

REDPU 

PtlOTEIM 


ee. 

« 

pffttnl 

p«re*nt 

ftUt 

... 

... 

T*retni 

gramt 

T<reent 

1/18 


632 


50.0 

1,43S 

805 


44.1 


1/19 

400 i 

705 

+11.5 

60.5 

1 

1,426 

721 

-10 4 

30.3 

-31.4 

3/5 


1,075 


51.0 ; 

2,222 

1,147 


04.0 



340 

1,018 

-5.3 

48.4 

1,972 

955 

-10.7 

50.7 

-11.4 

2/8 


1,012 


52.0 

2,145 

1,133 


00.3 



330 

9C0 

-5.1 

M 1 

2,089 

1,120 

-0.35 

50.6 , 

-16.2 


* 8.4 per cent cakium gluconate. 


and after nembutal anesthesia on four dogs, two experiments being made on 
each animal. There w'as no appreciable change in the plasma volume. The 
average change of all the experiments amounted to —2 per cent. There was, 
however, a fall in the hematocrit reading and a corresponding decrease in the 
total circulating cells varying between IG and 44 per cent. Other workers 
(1C, 17, 18, 19) have showm that, following the administration of sodium 
amytal, a maximal dilatation of the spleen occurs, associated with a fall in 
hemoglobin and a decrease in peripheral erythrocjles. Essex, Seeley, Higgins 
and Mann (18) noted that these changes in the erj’throC 3 ^e count, hemoglobin 
concentration, and hematocrit reading following amytal anesthesia did not 
occur in splencctomized animals, and we have confirmed this in six experi- 
ments on three splenectomized dogs under nembutal anesthesia. These 
experiments confirm the results of other workers (19) as to changes in cell 
distribution and indicate that under nembutal as w'ell as am 3 ’tal there is a 
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sequestration of erythrocytes TOthin the spleen. In normal dogs nembutal 
caused a drop of 8 per cent in total circulating serum proteins and 2 per cent 
in the plasma volume. In the splenectomized dop nembutal caused no 
change in plasma volume and a decrease of only 3 per cent in total circulating 
serum proteins. These experiments would indicate that in the redistribution 
of the blood discussed above there may be slight changes in the serum proteins 
also. 

Effects of calcium injeciions. The experiments showing the effects of cal- 
cium injections in dop under nembutal (fable 5) yielded results similar to 
those observed in unanesthetized dop. It should be remembered that these 

TABLE 5 


Blood volumes of dogs before and after injection of calcium gluconate under nembutal 

anesthesia 


DATC 

TOTAl 1 
CAXcnru 
IKJEC- 
IZD* 

PLi-SHA 

VOLWE 

CHAKOC 

IN 

fUiSilJi 

voLmaz 

BtilATO 
CETT i 

BtOOD 

VOt-CVE 

cm. 

'rotXMZ 

CBANOE 

TKOECU- 

lATtKO 

emit 

CIBCC- 

lATSKa 

B£sru 

PBOTETN 

CHAKOS 

iKaEcxr- 

XJitTNO 

BEBtrU 

PKonaN 


e«. 

«. 

vercenl 

jxrcfTii 

etU 

cc. 

ce. 

peretnt 

fframt 

percent 

12/30/40 


1,244 


44.4 

2,237 

993.2 


77.0 



460 

1,039 

-16.5 

55.6 

2,342 : 

1,302.0 

+31.6 

63.5 

-17.6 

1/13/41 


1,958 


40.8 

3,307 

1,348 


110.0 



600 

1,703 

-13.0 

51.4 

3,510 

1,805 

+33.9 

97.5 

-11.3 

2/ 3/41 


1,099 


54.0 

2,390 

1,291 


68,1 

1 


m 

981.4 

-10.7 

65.5 

2,843 

i 1,862 

! +44.2 

62.6 

-8.1 

1/17/41 


1,008 


38.6 

1,641 

632.7 


69.4 



480 

1,076 

+6-8 

40.5 

1,808 

732.1 

+11.6 

63.8 

-8.0 


* S.4 per cent calcium gluconate. 


animals had received nembutal before estimation of the first blood volume 
and that some slight decrease had doubtless occurred in the serum proteins, 
a larger decrease in the hematocrit readinp and in circulating red cell volume. 
After the calcium injection the plasma volume and serum proteins were de- 
creased further but the hematocrit reading and the total circulating red cell 
volume increased sharply. These additional cells represent blood added to 
the circulation from the “depots” in response to the effects of diminished blood 
volume. The magnitude of concentration of the blood is shonm in the hema- 
tocrit changes in tables 3, 5 and 6. The progressive concentration in the blood 
is better seen in table 6. Here the hematocrit reading has increased almost 
50 per cent and the percentage of serum proteins has risen 30 per cent. This 
would indicate that the water is being drained out of the %'ascular bed more 
rapidly than the proteins. It is interesting to note that Collip and Clark 
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(19) observed marked increases in the hemoglobin concentration of the blood 
in the terminal stages in animals who had received overdosages of parathyroid 
hormone. They suggested that the rise in hemoglobin concentration would 
indicate a great decrease in the plasma volume. 

In another experiment the oxygen capacity of the venous blood rose from 
21.7 per cent before calcium injection to 28.3 per cent, 171 minutes after the 
injection. During the same period the oxj'gcn saturation fell from 73 to 41 
per cent. Towards the end of the sundval period increase in cardiac rate and 
Cheyne-Stokes respirations were noted. It is obvious that the loss of plasma 
and the increase of cells has increased the viscosity of the blood and slowed 
its rate of circulation. It has become a less efficient mechanism for the trans- 
port of oxygen. One can easily understand that an anoxic state would result 
and this might lead to ventricular fibrillation. Under these circumstances 

TABLE 6 


Prourestivt changet in blood foUoicing calcium injection 



BmT.*CIUT 

nxMO* 

OLOBllt 

acncu 

rXOTElN 

■esuM 

CALCTine 


p«r <tnt <tlU 

prom* prr 
/Wee. 

ffnmt ver 
/Wee. 

per 

/Wee. 

Before Ca 

40.8 

14.6 

5.62 

9.5 

32 tainutes after Ca 

51.4 

18.1 

6.72 

34.8 

99 minutes after Ca 

55.8 

19.C 

6.3$ 

28.4 

156 minutes after Ca 

67.4 

19.6 

6.72 

2S.7 

216 minutes after Ca ' 

58.1 ' 

20.2 , 

7.21 

25.5 

276 minutes after Ca 

60.4 i 

20.7 1 

7.14 1 

21.9 

At death 406 minutes after Ca 

60.2 

20.9 




it would not be necessary to assume a primary calcium effect on the heart 
muscle. 

Autopsy findings. Prior to death it was difficult to draw blood from the 
veins even with a large needle. At autopsy the cut tissues showed little or 
no tendency to bleed. Multiple hemorrhagic areas were noted beneath the 
endocardium, in the mucosa of stomach and intestine, under the peritoneal 
covering of small intestines, in the bladder, and on the surface of the pancreas. 
Areas of infarction were observed in the lung and spleen. Apparently in the 
terminal stages the separation of the capillary endothelial ceUs had become 
sufficient to allow an actual extravasation of blood cells with production of 
hemorrhagic areas. 

CONCLUSIONS 

1. When a solution of calcium ^uconate was injected into normal and para- 
thyroidectomized dogs until death, it was noted that death was. not related 
to the quantity of fluid injected nor to the blood'calcium level prior to injec- 
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tion or at the time of death. Electrocardiographic tracings showed either 
cardiac arrest or ventricular fibrillation. The serum proteins fell progres- 
sively. The fall amounted on the average to 40 per cent. 

2. When a single toxic dose of calcium gluconate was injected intrave- 
nously into anesthetized (nembutal) and unanesthetized dogs, certain changes 
in the circulating fluids occurred. The order of the changes, which depend 
on the degree of the to,xic action of the calcium, was as follows: 

a. Serum proteins are lost but the plasma volume is maintained by the 
absorption of w^ater and electrolytes. 

b. Serum proteins and water are lost with a reduction in plasma volume; 
red blood cells are added to the circulation from "blood depots” and retained 
with a rising hematocrit figure, thus establishing an experimental poly- 
cythemia. 

c. Finally, both plasma protein and cells escaped from the vascular chan- 
nels ^ving rise to multiple small hemorrhagic areas in various viscera. 

3. In control experiments imder nembutal anesthesia there was no change 
in the plasma volume but there w'as a slight decrease in total circulating serum 
proteins and much larger decreases in the circulating red cell volume. The 
site of action of the nembutal is the spleen since these changes did not occur 
in splenectomized animals. 

4. When concentrated calcium solutions are injected rapidly death may 
occur from the direct effect of the calcium on the heart muscle. liTien tojdo 
doses of calcium are injected more slowl 3 % it is suggested that death results 
from cardiac anoxia attributable to the viscous slow-moving polycythemic 
blood. 
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Apparently all R-C-Xj* compounds (1) give the Fugiwara color reaction (2) 
by wWch a pink to red color, depending bn concentration, dev'elops when they 
are heated vrith strong alkali and pyridine. Adaptation of this reaction to 
quantitative colorimetric methods is hampered by rapid fading of the color 
produced, Simultaneous preparation of standard and unknown solutions, and 
dependence on equal rates of fading of standards and unknowns, are employed 
in the Friedman and Caldcrone method (3) for chloral hydrate. In the deter- 
mination of chloroform the standards for comparison arc calibrated dye solutions 
in the method of Cole (4), and color plates in the method of Gcttlcr and Blume 
(5). Tlie difficulty and inconvenience of preparing accurate standard solutions 
simultaneously with unknowns arc increased with chloral hydrate, chloroform, 
etc., because of their volatility and because their solutions do not keep w’cll. 
On the other hand, the sacrifice of accuracy when comparing fading solutions 
with fixed colors is apparent. All mctliods provide for retardation of color 
fading by rapid cooling of solutions after color development. 

The need in absorption studies for a rapid, convenient method of determining 
accurately small quantities of chloral compounds in blood led to the present 
investigation. A photoelectric colorimetric method based on the Fugiwara 
reaction was developed in which calibration curves replace standard solutions. 
Since all R-C-Xj compounds produce the same color, the method is readily 
adapted to any one of these compounds by preparation of the appropriate cali- 
bration curve. The method was made practical and accurate by discovering a 
means of retarding color fading to a greater degree than in previous methods. 

Experiiiental. Preliminary. The following series of experiments provide 
the basis for the technic of the method reported: 

I. Colorimeter filter . The Rubicon Filter No. 540 was found to be satisfactory 
for reading the color produced by the Fup wara reaction. It is more satisfactory 

^ A pieUminary report of this inveBtigatlon 'was presented before the American Society 
for Pharmacology and Experimental Therapeutics in Chicago, April, 1941. 

• X « halogen. 
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than inters Nos. 420, 440, 520, 580, 620, and 660 of the same series, and is 
standard equipment on Eveljm colorimeters (6). 

II. Solution clarity. The cause of frequent failure to obtain solutions of 
optical clarity was sought. Traces of slop-cock grease were found to cause the 
cloudiness. Coincident with this was the disclosure that certain slop-cock greases 
give a positive Fugiwara reaction, as shown by a pink to red color in blank de- 
terminations. The method of Friedman and Calderone (3) provides for filtration 
of the solutions after color development, and before reading in the colorimeter, 
to obtain a clear solution. In the present method the color is developed directly 
in a colorimeter tube, and elimination of filtration is desirable both for conven- 
ience and for avoiding the fading which occurs during the time of filtration. 
Various stop-cock lubricants were tried before all were discarded in favor of a 
procedure requiring none. 

III. Rale of color fading. The rate of fading was found to vary with the 
intensity of the color, and to decrease as the color faded. Also it was evident 
that the most accurate readings are made immediately after color development, 
which emphasized the increase in accuracy that further retardation of fading 
would produce. In addition, it was demonstrated that the error of methods 
using simultaneous preparation of standard solutions increases with the dif- 
ference between the concentration of the unknown and the standard solutions. 

IV. Retarding color fading. Among the unsuccessful attempts to retard color 
fading were; (/) independent variation of the concentration of each constituent 
of the reaction mixture, (2) variation of the degree and duration cf heating 
the mixture, and (S) the use of ice-cold reagents to forestall slow reaction at room 
temperature. However, these observations were of value in developing the 
technic of the final method. 

Successful retardation of fading resulted from the use of alcohol as diluent 
in the step following color production. Alcohol was found (I) to give greater 
clarity to the solution, (2) to insure miscibility of the pyridine, and (S) to retard 
color fading considerablj' more than water. Figure 1 shows a typical comparison 
of fading with water (cun’e 3) and alcohol (cun'e 2) as diluents. The latter 
rate was about 25 per cent of the former. Six cc. volumes of diluents were 
necessaij' for this comparison because a 5 cc. volume in the case of water results 
in immiscibility with pyridine. Curve 1 is a typical fading curve when 5 cc. of 
alcohol, as employed in the final method, is the diluent. This retardation of 
fading makes possible the accuracy obtained by the present method. 

V. Accuracy. The method was tested by adding known amounts of chloral 

hydrate to whole blood or to blood filtrates, and, as shown in table 1, the error 
did not e-xceed 6.5 per cent even when the amount of chloral hydrate was ex- 
tremely low. . . 

VI. Colorimeter light intensity. In the absence of a blood blank determmation 
the initial adjustment of the photoelectric colorimeter light intensity w made 
with a tube of distilled water, so that the intensity is at the point which the average 


TIME in nitiVTEs 

Fio. 1, Tire Hates of Fading of Colored SonmoNs Prepared ttitu ChloraI/ Htdratb 

ACCORDING TO TtlE TeCITNIC OF TOE AcCOMPANTINO MeTHOD (sEE TEXT) 

Curve 1 (hollow dote), method followed exactly; cun-e 2 (croeses), final dilution with 
6 ce. instead of 5 ce. of alcohol; curve 3 (solid dots), final dilution with 6 cc. of distilled 
water instead of alcohol. 

TABLE 1 


Accuracy of method for dclcrmtno/»on of chloral hydrate 
Solutions of chloral hydrate were added to whole blood or to protein free filtrates with 
the recoveries os shown. 



TOLCVB 

▼OL. addbo 

CHLORAI. 

ADDED 

rojtc. 

ntTBATB 

FOUND IN 
FILTRATS 

XBBOR 


ce. 

ee col. 

•ngn*. I 

m^TH./lOO ce. 

mem./tOO ce. 

percent 


5 

i 0.25 

0.23 1 

0.438 

0.42 

-4.1 


6 

0.25 

0.23 

• 0.438 

0.45 

+2.7 

Blood 

6 

0.25 

0.22 

0.419 

0.40 

-4.6 

5 

0.50 

0.44 

O.SOO 

0.82 

+2.6 


5 

1.50 

1.49 

2.290 

2.20 

-3.6 


5 

1.50 

1.49 . 

2.290 

2.17 

-5.2 


20 

0.05 

0.22 

0.214 

0.20 

-6.6 

Filtrate 

20 

0.10 

0.44 

0.432 

0.43 

-0.46 

20 

0.20 

0.88 

0.871 

0.88 

+1.0 


, 20 

0.30 

1.32 

1.300 

1.24 

-4.6 


blood blank delerminalion requires. Figure 2 shows that this is permissible with 
the expectancy of introducing a slight constant error into the determination of 
the absolute, but not relative amount, in a small percentage of such estimations. 
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Blank determinations were carried out on a large number of bloods known to be 
free of R-C-X, compounds. With the blank in the colorimeter, the light in- 
tensity was adjusted to a reading of 100 on the galvanometer. A tube of dis- 
tilled water rvas then substituted for ,the blank and the galvanometer reading 
recorded. In more than 80 per cent of cases distilled water read within ±0.5 
of 96.5. This point depends upon clarity of reagents and individual colorim- 
eter characteristics, and, it should therefore be determined in each laboratoty 
by a small series of blank blood determinations. No difference in readings 
between the blanks of human and of dog bloods was observed, and no positive 
Fugiwara color was encountered except when the recent administration of an 
R-C-Xs compound could be established. This latter point is contrary to the 
report of Mukerji and Ghose (7) but they may have obtained their slight positive 



COLORine-TER REP.DIHGS 

Fig. 2. The Gai.vano.meteb Reading of Distilled IVateb in the Evelvn Colow.meter 
. when the Light Intensity is Set at 100 with a Blank Blood Deteiwination 

IN Place 

from stop-cock grease, as discussed in section II above, or they may have been 
detecting the residual traces of previous doses of drugs, which as the author has 
pointed out (8), remain for a number of days in the blood stream. 

Reagents. Sodium tungstate solution, 10 per cent, 

Sulfuric acid, N/tS. Prepare and standardize according to Haden (9). 

Pyridine, C.P. This must be colorless. 

Sodium hydroxide solution, SO per cent. Filter through a fritted glass filter (Jena 3G3) 
at the time of preparation, and as necessary, to remove the precipitate which appears on 
standing. Store in a pyrex bottle. 

Ethyl alcohol, 95 per cent. „ 

Method. (I) Prepare a protein free hltrate from 1 cc. (or more) of blood by the Raflen 
modification (9) of the Folin-Wu method. Centrifuge the mixture and filter through a ho. 

2 Whatman filter paper to obtain a maximum of clear filtrate. Exposure to air should be 
minimized by keeping the containers of blood and filtrate stoppered whenever possible. 
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(fi) Deliver 3 cc. of 30 per cent NnOU into an Evelyn colorimeter tube (G) from a pinch- 
cock burette with a long tip. Add 1 cc. of colorless pyridine and stopper with a No. 3 rub- 
ber stopper. 

(3) IVhen all subsequent operations arc in readiness, add 3 cc. of the blood filtrate; 
stopper lightly and mix by 5 seconds of lateral vigorous shaking. 

(4) Place immediately in a well-regulated water-bath at OO'^C. for exactly 60 seconds. 

(5) Remove; stopper tightly, and place immediately in an ice-water bath for 60 seconds, 
then without removing from the bath, 



ttlLUGRfinS PBKm 
CHLORRL HYDRm 

Fio. 3. Calibration Corve op Chloral Htdrate for the Eveltn Colorimeter 

The concentrations of unknown solutions are read by reference of their galvanometer 
readings to this curve. 

(5) Add 5 cc. of 95 per cent alcohol from a burette; stopper tightly, remove and invert 
two times to mix, and replace in the ice-water bath until the colorimeter reading is made. 

(7) Within ten minutes, wipe the exterior of the tube dry and read immediately in the 
Evelyn colorimeter fitted with the No. 610 green filter. 

Colorimeter adjustment. The initial light intensity is adjusted to a reading of 100 on the 
galvanometer, having in the colorimeter a blank determination of the blood taken prior to 
the administration of the drug to be determined. When this is not possible, the light 
intensity should be set with a tube of distilled water at a galvanometer reading of 96 5 (see 
series VI above). 

Calculation. The concentration of the unknown in the filtrate, as read from a calibration 
curve (fig. 3), multiplied by 10 gives the mgm. per cent for whole blood. If the concentra- 
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Dietary protein has been shown to be a factor in determining the toxicity 
of hydrocarbons (1) cholic acid (2), iodoacetic acid (3), selenium compounds 
(4, 5) and sulfanilamide (6). The criteria of toxicity have been growth rate, 
mortality, gross and microscopic anatomy, and blood and urine composition. 
In general it has been found that high-protein diets and proteins of high qual- 
ity protect animals better than low-protein diets and proteins of poor nutri- 
tional quality. This fact, together with the wide diversity of the toxic sub- 
stances studied, suggests that protein protects through metabolic processes 
involving tissue repair rather than through more direct ssmthetic reactions 
resulting in detoxification. It is by no means certain that even mercapturic 
acids are formed directly from dietary cystine and bromobenzene (7). Re- 
duced food intakes during the period when the toxic substances were fed 
accounts satisfactorily for the reduced growth rate observed in most oases and 
increased growth rates produced by supplements of cystine or cystine equiva- 
lents may have been simply improving the nutritional value of the cLet which 
in nearly all cases was known to be deficient in cystine. 

In the present study we have fed rats synthetic diets of different protein 
(casein) content containing lead chloride. In the ad lihitum feeding experi- 
ments large differences in growth rates w'ere found between groups receiving 
lead chloride and groups receiving the control diets. Corresponding differ- 
ences in food intake were also observed. In order to eliminate this variable 
other groups of rats were fed the same diets using the paired feeding method. 
The results indicate that lead chloride e.\erts its effect chiefly by reducing food 
intake. 

In seeking the cause of reduced food intake when lead chloride was con- 
sumed in the diet, we have supplemented the mixtures with cystine and 
metliionine as well as with phosphate. All of these increased growth rates 
and food consumption. The amino acids, however, had the same effect when 
given without lead chloride and therefore probably exert their influence by 
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improving the quality of the protein fraction. While wo have no direct 
evidence of the effect of phosphate aupplementa in the basal diet the growth 
rate obtained without it was satisfactory, which does not support the assump- 
tion that the basal diet was deficient in phosphate. Phosphate did have a 
striking effect in reducing mortality and in supporting growth in a diet con- 
taining lead chloride. The results support the hypothecs that lead chloride 
produces a phosphate dcfidency and confirms the work of SheUing (8). 

In view of the importance of phosphate in the enzymes concerned witli 
oxidation of metabolites, a phosphate deficiency might influence the oxygen 
uptake of tissues. This we have been unable to substantiate in our lead- 
poisoned animals. The oxygen uptake of liver slices was slightly accelerated 
in the rats that were fed ad libiittm and slightly depressed in the pair-fed ani- 
mals. Apparently lead chloride did not impair the enzymes of the liver, but 
the effect on other tissues such as bone marrow remains to be investigated. 

AH lead-poisoned animals showed lowered hemoglobin and red cells, in- 
creased stippled cells, and polychromatocytcs. Studies on porphjTinurin 
in lead poisoning indicate that lead salts interfere with the formation of 
hemoglobin (9). That the quality of the protein consumed is also a factor in 
hemoglobin formation has been adequately proved (10). In our experiments 
rats exposed to inadequate protein intakes and lead chloride had a higher 
mortality, gained less w'eight and showed a greater decrease in hemoglobin 
than rats on adequate protein intakes. 

While our experimental methods differed from those employed by some of 
the above-mentioned workers, it is quite probable that controlled food intake 
would show a similar dependence of growth responses upon food consumption 
in the presence of the other poisons studied. 

Ad hMlum leedinp. Vrtdle t&\b tOsborne and Mendel strain) 
weighing about 65 grams were placed in individual cages and fed ad lihitum. They 
were weighed every two days and food consumption was recorded after correcting for 
occasional spillage. Feeding was continued for about 35 days except in a few cases 
where the rats appeared unable to continue for that length of litoe. These were sacri- 
ficed in order to obtain blood and tissues for study. Some rats died very early in the 
feeding period. 

Paired feeding. Litter mates of the sarao sex from our Wistar colony were kept on 
chow until they reached 65 grams in weight. They were then given our 20 per cent 
casein diet for one day in order to reduce intestinal contents and were then placed on 
the experimental diet. They were weighed every day and food consumption was deter- 
mined after correcting for occasional spillage. Tbe amount of basal diet given one of 
the pair was determined by how much the lead chloride-fed rat consumed. Feeding 
was continued for 25 days. 

At the termination of the feeding periods all rats were killed by a blow on the head 
and blood from the heart was taken for hemoglobin determination by the Newcomer 
method. Samples were also prepared for counts of red cells, stippled cells, and poly- 
chromatocytes. Livers were divided, part being used for oxygen uptake measurement 
and part for histological study. Spleen and kidney were also preserved. The histo- 
logical studies will be published later. 



22 


H. D. BAERNSTBIN AND J. A. GRAND 


was fitted to rest on the clamp of the instrument which holds the liver plug 
stationarj' while slicing, and the smooth surface of the microtome aided in 
making smooth slices. Forty units on the scale raised the liver plug 0.2 mm. 
and gave the best slices. We believe that this is an improvement over free 
hand slicing though there is still considerable variability which we could not 
control. 

The results showed that lead, chloride feeding has a smaller effect on oxygen 
uptake than the uncontrolled variations in the tissues. There were no sig- 



Fig. 1. Aveb.-vge Growth Rates First 25 Days 


nificant differences due to the composition of the diets. In the ad i z 
group, lead chloride accelerated oxygen uptake slightly while in t e 
feeding group the reverse was true. The mean QO 2 of 190 control s ices r ^ 
ad libitum fed rats was 7.87 with a standard deviation of 1.49. Two un^ 
and seventy-eight slices from lead chloride fed rats gave 8.49, st. ei . 

The corresponding figures for the paired feeding groups were for con ro 
slices, mean 9.09 st. dev. 1.77, lead chloride rats 83 slices, mean 
st. dev. 1.55. 
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Blood studies. Hemoglobin and red cells showed decided reductions in 
animals exposed to lead chloride. The lower values found in the ad libitum 
group are due to a slightly longer exposure period before the animals were 
sacrificed. Five rats receiving 6L diet ad libitum were Idllcd after about one 
week and showed slight increases in hemoglobin and red cells. During this 
time they ate very little and lost considerable weight. It appears probable 
that these increases, which arc the only exceptions noted, are due to de- 
creased blood volume and do not represent actual increases in total hemo- 
globin or red cells. 

Rats receiving cystine or methionine supplements in addition to lead 
chloride suffered smaller reductions of hemoglobin and red cells than those 
receiving unsupplementcd lead chloride diets. It appears that these amino 
acids increase the efficiency of casein utilization for hemoglobin production 
as well as for growth. 

The number of stippled cells and polychromatocytes per 10,000 red cells 
was greatlj’ increased in all animals receiving lead chloride. Indeed not a 
single stippled cell was seen in any of the smears from rats on basal diets. 
The effects were less spectacular in the pair fed rats partly because of the 
shorter exposure period but partly also perhaps because of the difference in 
strain. 

Acknowledgments. We gratefully acknowledge the assistance in hemo- 
globin determinations and red cell counts of Mrs. Anne Gerber and Mr. E. C. 
Thompson of the Pathology Section. Histological studies of the tissues of 
these rats will be published shortly. Dr. E. C. Hammond has been very help- 
ful in the statistical studies. We arc cspccblly grateful to Dr. P. A. Neal for 
his interest and helpful criticisms throughout. 

SUMMARY 

1. Growth rates of white rats have been determined on synthetic diets con- 
taining 6, 13, and 20 per cent casein and on 6 per cent casein supplemented 
with 1 C 3 'stine and with dl methionine. The effect of adding 1.5 per cent lead 
chloride to these diets has been determined. Both ad libitum and paired 
feeding methods have been used. 

2. Various levels of lead chloride and the effect of phosphate additions w'ere 
studied in connection with 13 per cent casein diet. 

3. Oxygen uptake of liver slices, hemoglobin, red cells, stippled cells, and 
polychromatocytes were also studied. 

4. The toxicity of lead chloride as indicated bj' mortality, growth rate, and 
hemoglobin level is affected by the quantity and quality of the protein content 
of the diet. 

5. Oxygen uptake of liver slices is not greatly affected by lead chloride 
feeding nor by variation in the protein content of the diet. 

6. Several interpretations of the effect of lead chloride on growth are 
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was Sited to rest on the clamp of the instrument which holds the liver plug 
stationary while slicing, and the smooth surface of the microtome aided in 
making smooth sUces. Forty units on the scale raised the liver plug 0.2 mm. 
and gave the best slices. We believe that this is an improvement over free 
hand slicing though there is still considerable variability which we could not 
control. 

The results showed that lead chloride feeding has a smaller effect on oxygen 
uptake than the uncontrolled variations in the tissues. There were no sig- 



nificant differences due to the composition of the diets. In the ad lihiiiim 
group, lead chloride accelerated oxj'gen uptake slightly while in the paired 
feeding group the reverse was true. The mean QO 2 of 190 control slices from 
ad libitum fed rats was 7.87 with a standard deviation of 1.49. Two hundred 
and seventy-eight slices from lead chloride fed rats gave 8.49, st. dev. 1.52. 
The corresponding figures for the paired feeding groups were for controls 104 
slices, mean 9.09 st. dev. 1.77, lead chloride rats 83 slices, mean 8.2G 
st. dev. 1.55. 
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Blood studies. Hemoglobin nnd red cells showed decided reductions in 
animak ex^wsed fo lead chloride. The lower values found in the ad libiliwi 
group are due to a slightly longer exposure period before the animals \Yorc 
sacrificed. Tivc rats rccch’ing CL diet ad lihitum were hilled after about one 
^cck and showed slight increases in hemoglobin and red cells. During this 
time they ate very little nnd lost considerable weight. It ap}>oars probable 
that these increases, which are the only exception.^ noted, arc duo to dc- 
cimd blood volume and do not represent actual increases in total hemo- 
gbhia or red cclk. 

Rats receiving cystine or mrihiontno stippJcmcnts in addition to lead 
chloride suffered smaller rcductioas of hemoglobin and red cells than those 
rccciring unsupplcraentcd lead chloride dict.=i. It appears that these amino 
acids incrca<:e the cfTicicncy of casein utilization for hemoglobin production 
as well as for growth. 

The number of stippled cells and pol3rhrQm3tocytcs per 10,000 red cells 
ns greatly increased in all nnimal*? receiving lead clibride. Indeed not a 
pIq^c stippled cell was soon in any of the smears from rats on basal diets. 
The effects were less spectacular in the pair fed rats partly because of the 
shorter exposure period but partly al«o perhaps because of the difference in 
itraio. 

Ath\o\rUdgmcnts. We gratefully acknowledge the a.«.«islonco in hemo* 
llohin determinations and red cell counts of Mrs. Anne Gerber and Mr. E. C. 
Tlomp^oa of the Pathology* Section. Histological studies of the tissues of 
these rats bo published shortly. Dr. E. C. Hammond has been very help- 
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SUXrilARV 

I Growth rates of white rats Iwvc been determined on synthetic diets con- 
13, and 20 per cent casein and on 6 per cent ca.?ein supplemented 
^Ibl cytine and with dl methionine. Thccfi’cct of adding 1.5 per cent lead 
fWoride to these diets lias been determined. Both od libitum and paired 
Njjgxnctbodshavc been used. 

2. Various levels of load chloride and the effect of phosphate additions were 

in connection with 13 per cent casein diet „ „ 

Orygen uptake of liver slices, hemoglobin, red cells, stippled cells, and 
f'^bdiromatocytos were also studied. . * j 

, toricity of lead chloride as indicated by 

lex-el is affected by the quantity and quality of the protem content 

w tie diet. 

.^Oq-gen uptake of liver slices is not greatly affected by lead chloride 

‘.‘OITObyvariationin tlioprotcincontcntoft e 1 ■ , 

' Si'etal iolcrpretatioas of the effect o{ lead chlonde on growth are 
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possible from this data. Lead chloride reduces growth rate (o) by reducing 
food intake, (b) by removdng phosphate from the diet, (c) by diverting amino 
acids from use for growth to use for rebuilding hemoglobin. 
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Of the various bacteriostatic and bactericidal substances isolated from soil 
microorganisms (1, 2, 3), actinomycm appears to be of particular interest in 
view of its marked tn wfro activity against gram-positive, and to some extent 
against gram-negative microorganisms. This substance was isolated in a 
pure state, by the use of the chromatographic absorption method, and crystal- 
lized (4). Although it was found to contain about 13 per cent nitrogen, it is 
not a protein and has no free amino group. It may be considered as a poly- 
cyclic nitrogen compound. Actinomycm was shown (5) to be highly toxic 
to animals. In this communication data are presented which deal further 
with its toxicity, as well as with the pharmacology and bactericidal properties 
of this substance.* 

Metbods. Sms3 mice of the CFl atram aod albino rats of the Wistar straia wero 
used throughout this investigation. The rabbits employed were obtained from various 
sources and therefore were not of a uniform strun. All animals were maintained on a 
balanced diet with sufficient water available at all times. A total of 690 mice, 90 rats 
and 25 rabbits were used in this study. 

The strains of streptococci and pneumococci used in the tn vivo studies were of known 
mouse virulence and were supplied through the kindness of Dr. Wm. Feirer of Sharp 
& Dohme, Inc., Glenolden, Pa. These organisms were grown for 6 hours in meat in- 
fusion broth containing 10 per cent rabbit blood, and the virulence was maintained by 
frequent mouse passages. Tbe cultures of Clostridium welehii and Cl. tetani employed 
in tbe in vitro studies were grown in brain heart infusion media containing 0.1 per cent 
agar. 

Solutions of actinomycin w’ere prepared by dissolving 10 mgm. of the dry substance 
in 1 cc. of warm 95 per cent ethyl alcohol and diluting in sterile distilled water or physio- 
logical salt solution to tbe desired concentration. Control experiments were conducted 
with similar concentrations of alcohol. 

Resiilts. Acute toxicity. This was determined in mice, rats and rabbits. 
Varying doses were given intravenously, intraperitoneally, subcutaneously 

* The actinomycin A used in these studies has been largely prepared by Dr. Max 
Tisbler of the Research Laboratories of Merck & Co. Inc. to whom the authors are in- 
debted. 
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and orally. Animals dying during the Grst 7-day period were autopsied and 
the tissues retained for histolo^eal study.= Only the results obtained in 
mice are presented in table 1. 

From these data it is evident that actinomycin is extremely toxic for mice. 
Doses of 1 mgm. per kilogram were found to be lethal to other animal species 
when given intravenously, intraperitoneally or subcutaneously. This toxicity 
is more apparent when observations are extended over a 7-day period. 

The first signs of toxicity appear 5 to 6 hours after intravenous or intra- 
peritoneal injection and 10 to 12 hours following subcutaneous or oral adminis- 
tration. They consist of weakness, languor, anorexia and diarrhea. Gross 

TABLE 1 



* A 1 day observation; B ~ 7 days observation. 


hematuria occurred frequently in rabbits from 4 to 6 hours after intravenous 
administration of 1 mgm. of actinomycin per kilogram body weight. As 
intoxication progressed the nervous system became involved, as evidenced 
by ataxia and tonic comnilsions. The immediate cause of death appeared 
to be respirator}" failure, since the heart continued to beat for some time after 
respiration ceased. 

Upon macroscopic e-xamination, evidence of congestion in the lungs, liver, 
spleen and intestinal viscera was found. The most striking finding, however, 
was the diminution in the size and weight of the spleen. On a weight basis, 

= Histological findings will be reported clsewhcro by Dr. Wm. Antopol, Chief Path- 
ologist of the Both Israel Hospital, Newark, N. J. 
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the spleens of mice receiving a single dose of actinomycin vere approxi- 
mately one-half the normal size. 

Chronic toxicihj studies. The effect of prolonged administration of small 
amounts of actinomycin to animals was investigated in a series of GO mice 
and 30 rats by injecting intraperitoneally varying doses in the form of a 
sterile aqueous solution. The concentration of the solution \Yas adjusted 
so that each animal received 0.25 cc. per 20 grams body weight. Observa- 
tions were made twice daily for the duration of the experiment. These 
experiments are summarized in table 2. 

It is evident that doses as small as 1 microgram of actinomycin per 20 
grams of animal weight will produce death in most mice and rats within 
10 days. Evidence of toxicity began to appear after one or two days of 
treatment. At this time there were signs of general debility and muscular 


TABLE 2 

CAronic loxicily of actinomycin in mice and rals 
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method of Seeler and Kuna (6). Doses of 0.5 microgram actinomycin per 
100 ^ams of body weight were given intraperitoneaily to rats dailj' and 
hepatic function was measured every third day over a period of fifteen days. 
The results indicate that a single dose of actinomycin produced some fiver 
damage in 2 out of 5 rats. After 10 days, however, liver damage was present 
in all rats as evidenced by a dye-retention of 20 to 40 per cent. 

By means of the method described by Bums (7) the effect of actinomycin 
upon water diuresis was studied in rats. The procedure consisted in measur- 
ing the water diuresis of a series of 20 rats before and after administration of 
actinomycin. The rats were diidded into groups of S and fed 5 cc. of warm 
tap water per 100 grams body weight. Immeiately following this a dose of 
25 micrograms of actinomycin per Idlogram body weight was given intraperi- 
toneaUy. The amount and rate of urine excreted was measured with the di- 
uresis recorder described by Kniazuk (8). Analyses of the urine (albumin, 
specific graidt5^) were performed at the beg innin g and end of the e,xperiment. 
Under the conditions of this e.xperiment actinomycin depressed the water 
diuresis s^gnificantlJ^ No studies were undertaken to determine the cause or 
nature of this depression. Examination of the urine showed a very slight 
trace of albumin in all groups but no significant change in the specific grav- 
ity was found. 

Effect on blood. The action of actinomycin on the blood was investigated 
in rats and rabbits. Red, white and differential counts were made before 
and after administration of actinomycin. In addition, in the rabbit experi- 
ments the volume of red cells and the hemoglobin were estimated. After 
the normal values were established a blood examination was made 5 hours 
after administering 100 micrograms of actinomycin per kilogram. The drug 
was administered daily and counts made every other day for 10 additional 
days. The results of these e.xpeiiments indicate that actinomycin produces 
a slight leukocytosis without significant changes in the red or differential 
count. 

Examination of the effect of actinomycin on erjdhrooytes in vitro, studied 
in both liquid and solid media, showed that it is not hemolytic as reported 
for tyrothricin (9). 

Effect on drculatory and Tespiratory si/slems. The carotid blood pressure 
was measured in rabbits and cats under urethane anesthesia (1.2 gram per 
kilogram intramuscularl30 by the usual manometric method. Injections of 
actinomj’cin dissolved in saline were made into the jugular vein and the leg 
volume, and blood pressure and respiratoiy movements recorded. Contrary 
to expectations, doses as large as 30 mgm. per Idlogram (30 times the 24-hour 
lethal dose) administered over a period of 10 nnnutes had no immediate effect. 
Moreover, no marked changes were found over an observation period of 5 
hours. In some animals 30 mgm. per Mlogram caused a slight rise in blood 
pressure without significantlj' affecting leg volume. _ _ 

Anlibaderial efficacy in vitro. The bactericidal and bacteriostatic activities 



TOXICITY OP ACriNOlfYClN 


29 


of actinomycin were determined by meaos of the standard F.D.A. phenol 
coefficient technique (10) and a modification of Kolmer’s bacteriostatic 
method (11). In this manner both the bacteriostatic and bactericidal actions' 
were determined. The absence of turbidity in the drug-bacteria mixtures 
at the end of each 24 hour period was taken as an indication of inhibition. 
AVith these methods, applied to strains of Staph, aureus, Cl. welchii, Cl. tdani, 
Strep, hemolyticus and type I pneumococcus, actinomycin was found to be a 
powerful bacteriostatic agent for both anaerobic and aerobic gram-positive 
microorganisms. Dilutions of 1:1,000,000 were bactericidal for the strepto- 
cocci and pneumococci and dilutions of 1:2,000,000 were bacteriostatic. In 
order to produce a similar effect upon the anaerobic microorganisms concen- 
trations of 1:60,000 to 1:100,000 were found necessary. Over a 3 to 4 day 
period this bacteriostatic action slowly became bactericidal. Actinomycin 
appears to be somewhat more effective against pneumococci and streptococci 
than against staphylococci. This is similar to the findings reported for 
tyrothricin (12). 

A procedure for measuring antibacterial activity of actinomycin in solid 
media, such as agar, has been described previously by Waksman and Wood- 
ruff (13). The antibacterial activity of actinomycm against aerobic patho- 
genic microorganisms established the fact that it is a more effective bacterio- 
static agent in solid than in liquid media, inhibiting the growth of Strep, 
hemolyticus in the former in concentrations of 1:4,000,000. Waksman and 
Woodruff reported (13) inhibition of certain cocci in as low a concentration 
as 1:100,000,000. 

A series of similar experiments conducted in the presence of 10 per cent 
rabbit serum indicated that the latter has no effect upon the action of 
actinomycin. 

Antibacterial action in vivo. The antibacterial action of actinomycin in vivo 
w'as studied in mice infected with a mouse-virulent strain of type I pneumo- 
coccus and a hemolytic strain of streptococci Lancefield group A. Mice were 
inoculated intraperitoneally with 10~*, 10”*, 10^ and 10“’ dilutions of a six 
hour culture grown at 37®C. In both the streptococcus and pneumococcus 
infections, the foregoing dilutions were equal to approximately 10,000, 1,000, 
100 and 10 lethal doses of organisms respectively. The M.L.D. was deter- 
mined by both the titration test and by plate count. The infected mice were 
treated immediately after the inoculation with single doses of 0.25, 0.5 and 
1.0 microgram of actinomycin intraperitoneally, subcutaneously or orally. 
A second series of experiments consisted of infecting mice intraperitoneally 
and treating them orally, subcutaneously or intraperitoneally with doses of 
0.1 and 0.2 microgram every 4 hours until death. Actinomycin afforded 
little or no protection under these conditions (table 3). In a control group 
of similarly infected mice, 8 micrograms of gramicidin afforded complete 
protection. 

Aniiprotozoic action. The antiprotozoic action of actinomycm was deter- 
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mined by the use of a procedure similar to the above. Mice were inoculated 
intraperitoneallj’’ uith 0.25 cc. of citrated saline containing approximately 
100 organisms of Trypanosoma equiperdum, and then immediately given an 
intraperitoneal or subcutaneous injection of 0.1, 0.2 and 0.5 microgram actin 
mycin. Observation was made over a 10 day period. Under these condi- 
tions, actinomycin afforded some protection when injected intrapcritoneaily 
although no protection was found by subcutaneous administration (table 3). 

Distribution of actinomycin in body tissues. The extreme activity of actino- 
mj'cin in vitro, Mth or without the presence of blood serum, contrasted with its 
apparent complete lack of activity in vivo and raised the question as to its 
fate in the organism. The highly tinctorial properties of actinomycin together 

TABLE 3 

Action of actinomycin in vivo in streptococcal and trypanosoma infections in mice 


A. eTREPTOCOCCCS INrECTIOJJS— 100 LETHAL D0SE3 


BtTDBTANCE 

Number 
ol mice 

Doso, mi* 
crograms 
per mouse 

Number surnnng in days 

1 

m 

II 

4 

m 

6 

m 

8 

9 

30 

Gramicidin 

■1 

8.0 

40 

40 

38 

28 

25 

25 

25 

25 

25 

25 

Actinomycin 

WM 

1.0 

4 

0 









Actinomycin 

40 

2.5 

2 

0 









Actinomycin 

40 

5.0 


0 









Actinomycin 

40 

10,0 


0 









Controls 

40 


■ 

0 











B. TBTPANOSOilA EQUIPERDUM- 

-1 LETHAL DOSE 



Bayer 205 

20 


jg 

WSi 


20 

20 


20 

20 



Actinomycin 

20 



20 


14 

11 

G 

3 

1 

1 

0 

Controls 

20 



m 

1C, 

10 

2 

1 

1 

1 

1 

0 


* Dosed daily for 8 days. 


with its marked specific bacteriostatic activity can be utilized to determine 
its distribution in the animal body. Preliminao' studies were made in mice, 
rats and rabbits using the follm\ing technique: After intravenous or intra- 
peritoneal injections of actinomycin, 0.75 cc. of blood was removed from the 
animal by cardiac puncture at exactly 1, 5, 15 and 60 minutes following 
injection and placed in a sterile glass vial containing 2 mgm. of dry sodium 
oxalate. Quantities of 0.1, 0.2 and 0.4 cc. of the blood were added to 2 cc. 
of warm (45°C.) nutrient agar, which was then poured into small petri dishes 
and allowed to solidify. Shortly after this, cultures of Streptococcus hemo- 
lyticus, Staphylococcus aureus, Sarcina lutca and Bac. mycotdes were streaked 
upon the surface of the blood agar and the plates incubated at 37°C. for 24 
and 48 hours. Control e.xperiments were conducted with normal blood 
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removed from the animal prior to actinomycin administration and also ^^ith 
blood to which kno^^m amounts of actinomycin had been added. In this 
manner the degree of inhibition obtained \rith blood taken from animals 
injected with actinomycin could be compared ^v^th control blood samples. 
Similar experiments were conducted with urine collected from anesthetized 
rabbits by sterile catheterization of the ureters over a period of G hours. The 
results of these experiments indicate that a dose of 2.5 micrograms of actino- 
mycin per 20 grams given intravenously disappears from the circulating 
blood uithin a period of 15 minutes. Analysis of the blood at later time 
intervals showed no inhibitory effect. 

Colorimetric anab’ses of ether extracts of urine indicated that uithin a 
period of 6 hours from 10 to 20 per cent of actinomycin is excreted in the 
urine of rabbits. 

Discussion. The foregoing experiments show actinomycin to be a power- 
ful bacteriostatic and bactericidal agent in vitro. Moreover, the presence of 
serum does not diminish the efficacy of this substance as has been reported 
for other soil agents such as tyrocidin, gramicidin and tyrothricin (14). On 
the other hand, essentially no protection is afforded to mice inoculated with 
cultures of Streptococcus hemohjticus or pneumococcus type I. The lack of 
activity in vivo may be due, among other things, to the rapid disappearance 
of actinomycin from the blood. The present evidence suggests that this 
removal is due to renal excretion and tissue absorption, since a large propor- 
tion of the drug can be recovered from all tissues as well as from the urine. 
In spite of the rapid disappearance of actinomycin from the blood, tlus agent 
is extremely toxic to all animal species, death apparently resulting from respir- 
atory failure. Most deaths do not occur until 15 to 20 hours after actino- 
mycin inoculation. In this respect actinomycin is similar to certain toxins 
such ns ricin. The fact that large doses of actinomycin can be injected 
intravenously into rabbits without producing any visible effects upon the 
blood pressure or respiratory movements indicates that high blood concen- 
trations of the drug can be tolerated by the higher nervous centers. This 
suggests that actinomycin docs not cause death by acting directly on the 
higher nerve centers, but rather through certain pathological changes which 
eventually involve the respiratory system. 

BU&niABY 

1. Doses of 1.0 mgm. or more of actinomycin per kilogram are lethal for 
mice, rats and rabbits when administered intravenously, intraperitoneally, 
subcutaneously or orally. The toxicity is more evident when observations 
are extended over a seven day period. 

2. Doses as small as 50 micrograms per kilogram intraperitoneally produce 
death in mice or rats when administered daily over a six-day period. Death 
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s accompanied by severe gross pathological changes, notably a marked 
ihrinkage of the spleen. 

3. Liver and kidney function appear to be impaired following daily adminis- 
iration of actinomycin. 

4. Intravenous injection of actinom 3 'cin produces no significant changes in 
)lood pressure or respiration. 

5. Actinomycin is markedly bacteriostatic in vitro for both aerobic and 
inaerobic pathogenic bacteria. 

6. In vivo, actinomycin affords almost no protection to mice inoculated 
vith Streptococcus hemolylicus or pneumococcus type I. Some effect is found 
a Trypanosoma equiperdum infections. 

7. Analysis of the fate of actinomj'cin upon intravenous injection indicates 
hat it is rapidly removed from the blood and is found in various quantities 
n all organs of the body. Rabbits excrete 10 to 20 per cent of the actino- 
nycin 5 to 6 hours after injection. 
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The remarkable similarity between peptone shock and anaphylactic shock 
in dogs was emphasized by Biedl and ICraus (1) in 1909. Subsequent studies 
(2, 3, 4, 5, 6) have demonstrated that this similarity in symptomatology is 
based upon a similarity in pathogenesis in that the dominant symptoms of 
both reactions can be attributed to a liberation of histamine from the tissues 
of the animal. One of the indications of this is a striking increase in the blood 
histamine. Rose and Weil (7) found that anaphylactic shock in rabbits is 
characterized by a prompt decrease in the total blood histamine, an observa- 
tion which has been confirmed in our laboratory (7). This apparently para- 
doxical behavior of the rabbit does not necessarily imply that histamine is 
unrelated to the symptoms of anaphylaxis in this animal. It is possible.that 
this reduction in the total blood histamine may only be an experimental 
verification of the participation of histamine in anaphylaxis in the rabbit, 
since ICatz (9) has shown that the addition of antigen to the blood of sensitized 
animals leads to the release of histamine from blood cells to plasma, so that 
histamine would thereby be freed to produce its effects and part passu dis-’ 
appear from the blood as it diffused into the tissues. An additional factor 
accounting for the reduction in total blood histamine in the rabbit, is the 
marked leucopenia which follows the injection of antigen, ns Code (10) has 
shown that the major portion of the blood histamine of rabbits is contained 
in the leukocytes. 

Irrespective of the merits of the argument as to the r61e of histamine in 
anaphylaris in the rabbit, the findings with respect to changes in the concen- ' 
tration of histamine in blood and plasma provide an objective method by 
which the analogy betw’een peptone shock and anaphylactic shock can be 
investigated. It is a reasonable hope that some of the features of anaphylaxis 
may be clarified as progress is made in determining whether they are specific 
to anaphylaxis or are common to other and less complex reactions. Bally (1 1) 
has shown that the two reactions in the rabbit are similar with respect to the 
gross symptomatology (circulatory effects, blood coagulation, etc.). The 
present report therefore is concerned \vith the changes in the blood histamine 
of intact rabbits subjected to peptone shock and with the effects of peptone 
when added to rabbit’s blood in vitro. 
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Expehi-Ment.al. Large, white female rabbits were anesthetized wth 
pentobarbital and arranged for recording the carotid blood pressure. Blood 
samples were obtained by cardiac puncture for leukoc3'te counts and for 
estimation of the histamine content by Code’s (12) modification of the method 
of Barsoum and Gaddum. The peptone solution was injected ma the femoral 
vein in a dose of 2 cc. per Mlogram. We emploj'ed a 20 per cent solution of 
Bacto-Protone (Difco) prepared by dissohing the peptone in boiling water, 
acidifying and shaking the solution with permutit, and then filtering and 
neutralizing it prior to use. This procedure remo%'es practically all of any 
contaminating histamine which may be present. For the in vitro e.xperiments, 
blood was obtained b}^ cardiac puncture from unanesthetized rabbits, kept 
from clotting by means of heparin and di\nded into three 5 cc. samples. The 
total blood histamine was determined on the first sample. The seeond sample 
was centrifuged and the plasma histamine determined; 0.2 ec. of the peptone 
solution was added to the third sample, mixed by inverting the tube once, 
immediatel3’' centrifuged, and the plasma histamine determined. The total 
blood histamine of blood samples to which the peptone had been added was 
determined in several instances to prove that the peptone solutions were 
free of histamine. The results are shown in the tables. 

DiscnjssiON. As noted in table 1, the intravenous injection of proteoses 
in normal rabbits results in a prompt reduction of the blood histamine and a 
leukopenia similar to that produced b3' the injection of antigen into previously 
sensitized a nim als. As shown in table 2, there is also a release of histamine 
from blood cells to plasma when peptone is added to heparinized blood; 
a similar change as occurs when antigen is added to heparinized blood from 
sensitized animats. With reference to the reactions in the intact animals, 
our obsenmtions agree with those of preceding workers in that the general 
S3rmptoms from peptone are usuatl3' not as severe as those seen in anaph3’’lactic 
experiments. Correspondingly Rose (13) found in anaphylactized rabbits 
that the blood histamine was decreased for 3 to 4 hours, while in our experi- 
ments the histamine values were nearly back to normal in 1 hour. With 
reference to the in vitro experiments some additional comment seems appro- 
priate. Reasoning from various observations by Tarras-Wahlberg (14) 
and Code (10) it seems probable that there may be no free histamine in the 
circulating plasma of the normal intact rabbit, and that injur3' to the blood 
incidental to its collection, centrifugation, etc., leads to some release of hista- 
mine from cells to plasma. This is extremely marked, for e.xample, if coagula- 
tion is permitted, and thus fresh rabbit serum has a very high content of 
histamine. When rabbit blood is collected and handled carefully and kept 
from clotting b5' means of heparin the histamine content of the plasma ob- 
tained after centrifugation is comparatively low, but the histamine values of 
this co-caUed normal plasma may weU represent some unavoidable damage to 
the cellular elements. Be that as it max', the e.xtremely rapid and marked 
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increase in plasma histamine which can be produced by the addition of antigen 
to the heparinized blood of sensitized animals, or by the addition of proteose 
to the heparinized blood of normal animals, is far beyond that which occurs 
incidentally to the experiment. In the experiments reported here, the control 

TABLE 1 


Blood histamine and leukoeitea before and after peptone shock in rabbits 


CXTEBI- 

UCNT 

BErOSE 

AETEn 

DEOBEB 
or snocE 

Hkst. 

W.BC. 

lO minutes 

30 minutes 

CO minutes 

Hut. 

W.B.C. 

Hut. 

W.BX3. 

Hut. 

WDC. 

1 

3 3 

17,600 

2.5 

2,900 





Moderate 

2 

5.0 

6,400 

6.0 

800 

1.1 

6,200 

4.3 

6,600 

Moderate 

3 

5.3 

8,400 

2.6 

3,200 

2 0 

4,000 

6.0 

7,800 

Moderate 

4 

4.0 

6,600 

1.3 

4,000 

1.3 

3.200 

3.7 

5,400 

Moderate 

5 

2.6 

6,200 

0.6 

800 

1.0 

1,400 

3.0 

4,800 

Severe 

6 

4.6 

8,200 

2.0 

6,000 

1.0 

1,200 

3.3 

5,800 

Mild 

7 

4.6 

9,400 

1.1 

8,200 

1.2 

1,400 

3.3 

7,800 

Moderate 

8 

6.0 

7,400 

2.6 

4,000 

1.6 

3,200 

4.3 

6,800 

Moderate 


Hist. « histamine values in micrograms histamine base per cc. of blood. 
W.B.C. B leucocytes per cu. mm. of blood. 


TABLE 2 


Transfer of histamine from cells to plasma as resvlt of adding peptone to heparinized 
rabbit's blood in vitro 



COlfTROU 

S 0 CC. BLOOO + 0.3 CC 6AUHE 

TEST 

6 0 CC BLOOD + 0 2 ce. !0 

SACIO PBOTOKE 

PERCENT 


ToUl 

1 hiatniume* 

CcU 

bistaminet 

Plums 

histanune? 

Total 

bistamiae* 

! CeU 

histaminet 

Plasma 

histammet 

1 



1.6 



3.0 

2 



2.0 



6.2 . 

3 

11.0 

8.25 

2.75 

10.0 

4.6 

5.6 

4 

16.5 

15.0 

1.6 

17.0 ! 

10.5 

6 5 

5 

20.0 

16.75 

3.25 

18.0 

11.5 . 

6.5 


• Histamine equivalent (in micrograms of base) in 5 cc. of blood by assay, 
t Cell histamine — by difference between plasma histamine and total histamine, 
t Plasma histamine « plasma histamine percc. of plasma by assay X cc. of plasma 
in each case (from hematocrit). 

and peptone-treated samples of blood were aliquots of the same specimen, 
were otherwise handled identically, and were centrifuged simultaneously. 
The already-established extensive parallelism between the effects’ of proteoses 
in normal animals and the effects of antigen in sensitized animals is thus ex- 
tended. 
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CONCLUSIONS 

1. The intravenous injection of proteose solutions into rabbits leads to a 
prompt reduction in the total blood histamine and to a leukopenia. 

2. The addition of proteose solutions to heparinized rabbit’s blood leads to 
a rapid release of histamine from cells to plasma. 

3. Both of these effects are similar to those occurring in anaphylaxis in the 
rabbit. 
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The fate of morphine in morphine addicts has not been fully determined. 
Most of the present knowledge regarding the morphine content of various 
biolo^cal materials has been derived from analyses of raorphinized laboratory 
flnimflla which usually had received considerably more morphine per kilogram 
of body weight than is taken by human addicts. It was thought that the 
determination of the morphine concentration in such biological materials as 
urine, feces, blood, liver, saliva, bile, gastric contents, and perspiration of 
human subjects might offer additional information regarding the distribution 
and excretion of this opium alkaloid. 

Methods and Materials. Most of the materials used were obtained from patients 
who bad active physical dependence on morphine at the time of the examination. 
Samples of liver were obtained from patients brought to autopsy. Bile was collected 
from a T-tube in the common duct of a patient who had had a cholecystectomy and 
cholellthotomy. This patient, a former addict, bad been receiving 90 mgm. morphine 
sulphate daily for 3 days but bad not developed physical dependence. 

Urine. It was necessary to modify the morphine-molybdate-vanadate procedure for 
the determination of small amounts (0.03 to 0.2 mgm.) of morphine (1, 2), for the final 
extraction residue must be comparatively free of interfering substances. The urine 
was treated in a liquid-liquid extractor and the residue obtained from this extraction 
was dissolved in about 50 cc. of a saturated solution of sodium bicarbonate and re- 
extracted in another liquid-liquid extractor. If the residue appeared to be reasonably 
free of excessive amounts of interfering substances, the second liquid-liquid extraction 
was omitted. The residue obtained from this extraction was dissolved in 0.5 per cent 
hydrochloric acid and transferred to a separatory funnel. This solution was extracted 
once with ethyl alcohol-chloroform mixture (1-3) after which the extraction solvent, 
containing some of the interfering substances, was discarded. Then the acidic, aqueous 
solution was saturated with sodium bicarbonate to liberate the alkaloidal base. This 
was extracted 3 times in a separatory funnel with the ethyl alcohol-chloroform mixture;* 


* Read before the Division of Biological Chemistry of the American Chemical Society, 
St. Louis, April 7-11, 1941. 

* Biological Chemist, United States Public Health Service. 

* Ethyl acetate may be used instead of the ethyl alcohol-chloroform mixture. In 
order not to carry over any urine adhering to the sides and stem of the funnel, the ethyl 
acetate was decanted from the top of the separatory funnel onto a dry filter paper in an 
ordinary funnel. The filter paper serves to absorb suspended urine droplets and insolu- 
ble matter. Each portion of the ethyl acetate extraction was saved, transferred to an 
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the combined extraction solvent and 0.3 cc. of 0.5 per cent hydrochloric acid were trans- 
ferred to an evaporating dish and evaporated to dryness. The residue should now be 
suitable for the preparation and formation of the morphine-molybdate-vanadate 
complex. 

The residue containing less than 0.2 mgm. of morphine was dissolved in 1.5 cc. of 
water and 0.2 cc. of 2.6 N sulfuric acid. To this solution was added 0.2 cc. of 10 per 
cent anrmonium molybdate which further precipitated impurities. After standing 10 
to 15 minutes it was filtered through a wet Whatman No. 42 filter paper. The filtrate 
and washings were expected to be colorless and water clear and not to exceed 3 cc. in 
volume. The addition of 0.1 cc. of 2 per cent filtered ammonium vanadate produced a 
light straw-colored solution which gradually faded on standing. The morphine- 
molybdate-vanadate comple.x developed as a fine, white, suspension which finally was 
compared nephelometrically wdth a standard morphine solution treated in a similar 
manner. Before reading the turbidity in a Bausch and Lomb nephelometer, the 
standard and unknowns were first diluted to 15 cc. 

Occasionally some difficulties are encountered with the above procedure. A residue 
containing large amounts of impurities often produced a voluminous precipitate follow- 
ing the addition of the ammonium molybdate. It was sometimes necessary to filter 
this twice before a clear filtrate was obtained. Occasionally a blue-green color devel- 
oped in the solution while it was standing for the precipitate to form; this color was 
due to certain impurities having strong reducing properties. The addition of ammo- 
nium vanadate to the blue-green filtrate generally did not produce a turbidity, even 
when morphine was known to be present. This shows that it is essential to be careful 
in preparing the urinary residue before the morphino-molybdate-vanadate test is made. 

Hydrolysis of the bound morphine in urine was carried out as previously described (2). 
Five parts of urine and 1 part of concentrated hydrochloric acid were boiled for 3 hours 
under a reflux condenser. After eooling and filtering the solution was saturated with 
powdered sodium bicarbonate and extracted by the usual procedure. For qualitative 
analysis it proved to be advisable to boil acidified urine three hours prior to the liquid- 
liquid extraction procedure, in order to liberate any bound morphine and thereby to 
inerease the sensitivity of the test. 

Feces. Two grams of dried powdered feces were placed in a 250 cc. Erlenmeyer 
flask containing exactly 100 cc. of saturated sodium bicarbonate. This was mixed 
thoroughly and allowed to soak for at least 1 hour, shaking the flask and contents at 
frequent intervals. The material was then centrifuged and the supernatant fluid de- 
canted. A suitable aliquot, usually 70 cc. of the solution, was placed in a liquid-liquid 
extractor and treated in the same manner as urine. After evaporation of the extraction 
solvent the residue was dissolved in 0.5 per cent HCl and the solution e.vtracted twice 
in a separatory funnel with the ethyl alcohol-chloroform mixture to remove soluble 
substances. Since morphine is not extracted from an acid solution, the extraction 
solvent was discarded. Then the aqueous, acidic solution was saturated with powdered 
sodium bicarbonate and re-extracted 3 times with the ethyl alcohol-chloroform mixture. 
The combined ethyl alcohol-chloroform mixture was evaporated to dryness. The 
residue was analyzed for morphine by the molybdate-vanadate procedure outlined 
for urine. 

Hydrolysis of bound morphine in feces was carried out by boiling 2 grams of feces, 

evaporating dish, and evaporated to dryness. When excessive amounts of colored 
matter were present in the residue, it was dissolved in 0.5 per cent hydrochloric acid, 
transferred to a separatorj’ funnel, saturated ivith sodium bicarbonate, and re-extracted 
3 times with ethyl acetate. 
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50 cc. water, aad 10 cc. concentrated HCl for 3 hours under a reflux condenser. After 
the mixture had cooled, 40 cc. of water were added, the contents centrifuged, and the 
supernatant fluid filtered. The filtrate, saturatcrl t\ith pondered sodium bicarbonate, 
was placed in a liquid-liquid extractor and treated the same as urine. One extraction 
in the liquid-liquid extractor was usually sufficient for feces. 

hivcT and blood. Liver was ground up in a meat grinder. Both the ground liver and 
the blood were then treated alike. To each was added an equal weight of water followed 
by the slow addition of 4 parts by n eight of 10 per cent trichloroacetic acid. The mix- 
ture was then heated slowly on a water bath for on hour, after which it was filtered. 

TABLE 1 


Morphine concentration in biological materials from morphine addicts 






uoarniKE concentration 


U&ZCRIAL 

e a 

or MATE- 

DAIt-T 
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Free 

Bound 
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7t 
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Aver* 

eee 
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see 

King. 
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M. 

mgm. 

mgm. 

pfr 

tent 


p«T«nf 




5 

50-70 

S-20* 

0.15 

0.12-0. 18 

0.27 

0.2CW).34 

1.61 


2 

65 

100 

0.3C 

0.31-0 41 

0.84 

0.70-0,98 

2.33 


1 

65 

16S 

0.61 


1.69 


2.77 

Urine.. . . ] 

1 

65 

200 

0 48 


1.25 


2.60 


! 

65 

487 

0 97 


6 26 


6.45 


1 

10 

1,180 

1.26 


16 60 


13.10 


1 

5 

2,072 

1.24 


22.50 


18.15 



ffram* 










283-489 

2,455 

0.90 

5.8S 

0 45-1 .67 

0 175 

0.0-0. 5? 

0 21 


1 

1 

0 0 

Blood . . 

5 

7-50 

200-600 

0 0 


0 0 



Saliva 

6 

20-260 

105-1, 20( 

0.0 


0.0 



Gastric content . 

4 

56-70 

J 20-200 

0.04 

0.02-0.07 

0 06 

0.0-0 13 

1.60 

Perspiration 

3 

63-215 

300 

O.IS 

0.02-0.6 






100-200 

50-70 

290-670 

90 

0.09 

0.0 

0 02-0 16 




Bile. 

2 

0.07 




• Single injections, non-tolcrant individuals. 


The filtrate was evaporated to a volume suitable for extraction in a liquid-liquid 
extractor. 

In analyring blood for bound morphine a suitablo portion of the trichloroacetic acid 
filtrate was treated in the same maimer as urine. 

Saliva, perspiration, bile, and gastric contents. For the determination of free and 
bound morphine these materials were treated the same as urine. It was necessarj' to 
make 2 successive extractions in the liquid-liquid extractor on bile. 

Results. The results are shown in table 1. The amount of bound mor- 
phine excreted in urine varied from 3 to 10 times that of the free, both being 
greater tvith the higher dosage. The average daily percentages of free and 



40 


FBED TV, OBEBST 


bound morphine excreted in the uiine were approximately 6 and 30, re- 
spectively. ’ 

The amount of free morphine found in dried feces varied with the dosage; 
The average daily amount excreted by the bowel was less than 1 per cent of 
the daily dose, which is much less than that excreted by the kidney. If 
bound morphine occurs at all in the feces, it is in very small amounts. 

Both free and bound morphine were found in gastric contents, the amount 
of bound being approximately twice that of the free in a man receiving 160 
mgm. morphine sulphate daily. No morphine was found in the vomitus of 
two morphine addicts on the second day of withdrawal. 

Small amounts of bound morphine were found in the bile from a non- 
tolerant patient receiving 15 mgm. morphine sulphate every 4 hours following 
an operation. 

No morphine, either free or bound, was found in blood or saliva. 

Small amounts of free morphine were found in perspiration and liver. 
These materials were not studied for the presence of bound morphine. 

Discussion. It is not yet known with what substance morphine is con- 
jugated, but since morphine contains an hydroxyl group comparable to the 
phenols, it is probable that the drug is excreted largely as a conjugate of 
glucuronic acid or its lactone form, glucurone. Further evidence is being 
presented (3) in support of this hypothesis. 

A number of investigators (4, 5, 6, 7) have shown that morphine is present 
in the gastric contents of morphinized animals. No study has come to our 
attention, however, in which bound morphine has been found in gastric con- 
tents of addicted humans. Apparently this form of morphine is either re- 
absorbed and excreted in a free form, or is hydrolyzed as it passes through the 
intestinal tract, for only free morphine was found in the feces. The bound 
morphine in the bile may follow the same course as that in the gastric contents. 

As far as is known, this is the first time that it has been shown that morphine 
is excreted in the perspiration of morphine addicts. The amount excreted is 
low as compared with that in urine. 

The failure to find morphine in human saliva was an unexpected result, 
since the saliva test is widely used in horse racing. In 1893 Rosenwald (8) 
reported traces of morphine in the saliva of a man after the injection of 
therapeutic doses, and he considered the morphine found in the stomach to 
have been swallowed rrith the saliva. He was unable to determine the rate 
of excretion in saliva. 

No satisfactory explanation can be offered as to why no morphine has been 
found in blood of morphine addicts. If morphine is present the concentration 
must be low (less than 0.10 mgm. per 100 grams). Plant and Pierce (7) 
found 0.40 to 1.29 mgm. per 100 grams blood in tolerant dogs, the daily dosage 
range being 300 to 700 mgm. morphine sulphate, or approximately 50 mgm. 
per Idlogram of body weight. The daily dosage range studied in man was 



FATE OP MORPHINE 


41 


from 200 to COO mgm., which is approximately 3 to 9 mgm. per kilogram of 
body weight. The lower dosage level may be one reason why morphine has 
not been found in the blood of morphine addicts. Another possibility is that 
morphine may adhere to protein and be precipitated, or may resist solution 
when the sample is prepared for extraction. In the tolerant and non-tolerant 
animals studied by Plant and Pierce the morphine concentration of blood was 
barely perceptible by their method. 

The morphine found in liver only indicates that the morphine-molybdate- 
vanadate method is sufficiently sensitive to detect its presence. It was shown 
by Plant and Pierce in both the tolerant and non-tolerant dogs that liver was 
the tissue containing the highest concentration of morphine. It is regrettable 
that tests were not made here for bound morphine, for there is reason to believe 
that the site of morphine conjugation is In the liver. The finding of only 
bound morphine in bile strengthens this hypothesis. 

SUMMARY 

A modified method for the micro-determination of morphine in quantities 
from 0.03 to 0.2 mgm. by the morphine-molybdatc-vanadate procedure has 
been described. Morphine analyses were made on urine, feces, saliva, gastric 
contents, perspiration, bile, and blood from morphine addicts, as well as liver 
obtained at autopsy on two patients who were addicted at the time of death. 

Feces, liver, and perspiration contained free morphine; bile contained only 
bound morphine; urine and gastric contents contained both free and bound 
morphine; no morphine was found in saliva or blood. 
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During the course of some experiments designed to study the factors con- 
trolling the production and excretion of acetylsulfapyridine we made the un- 
expected observation that quinine administered to rats receiving sulfapyridine 
markedly increased the total amount and the concentration of acetylsulfa- 
pyridine’^ in the urine. It is well recognized that, in man and in several 
species of experimental animals, some of the most objectionable aspects of 
the toxicity of sulfapyridine result from the precipitation of crystals of 
acetylsulfapyridine in the kidney and urinary passages (2-9) ; hence an in- 
vestigation of this tendency of quinine to exaggerate the incidence of urinary 
obstruction would appear important. The purpose of this paper is to present 
some data on the quantitative changes in the urinary excretion of acetyl- 
sulfapyridine produced by quinine. 

Materials and methods. Animals. Excluding the preliminary experiments, 108 
male, white rats from the Wistar strain were used. The animals were arranged in two 
groups according to age, one ranging from 56 to 89 days, and the other from 146 to 218 
days. The parallelism between the reactions of the two groups was very close and the 
divergencies involved only quantitative differences, favoring a greater toxicity in the 
older animals. Individual metabolic cages providing free access to water and food were 
used. The diet consisted of a mixture of 93 per cent ground Purina dog chow checkers 
and 7 per cent lard. The latter was added to diminish scattering. The urine was 
collected in periods of 24 hours ± 30 minutes and each period ended immediately before 
the morning administration of the drugs. Since the time between the final dose of 
sulfapyridine and the end of a period for the collection of urine was 12 or 16 hours, 
depending upon the daily dose of sulfapyridine, the small error in the time of the collec- 
tion became insignificant. 

Drugs. Powdered sulfapyridine suspended in a 2 per cent solution of starch, with 
or without quinine bisulfate, was administered in equal doses by stomach tube between 

I This investigation has been made with the assistance of a grant from the Committee 
on Therapeutic Research, Council on Pharmacy and Chemistry, American Medical 
.Association. 

» The terms acetylsulfapyridine and combined sulfapyridine have been used inter- 
changeably to designate the increase in the values for sulfapyridine obtained after the 
hydrolysis by acid described in the method of Bratton and Marshall (1). 
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9 and 10 a.m., and 4 and 5 p.m. The diuly dosages per kilogram vrero: sulfapyridine, 
120 mgm.; quinino biaulfate, 30, 40, CO, 120 or 240 mgm.; and solution of starch, 24 cc. 
In a few experiments the daily dosages of sulfapyridinc and starch were doubled and 
administered in equal quantities at 11 aon., 3, 5, and 0.30 pjn. In some experiments 
atabrine, obtained from atabrine tablets, was substituted for the quinine. Deter- 
minations of the free and acctylated sulfapyridioe were made by the method of Bratton 
and Marshall (1); a photo-electric colorimeter was used. Neither quinine nor its 
metabolic products interfered with this method in the dilutions employed in our work. 

Results. E;ffect of quinine on the total quantity of sulfapyridinc in the 
urine. The data in table 1 show that the urinary excretion of free and com- 
bined Bulfapyridine was remarkably constant over a period of 4 days when the 
rats were given 120 mgm. per kilogram of sulfapyridine daily. In the younger 
rats, ranging in age from 60 to 89 days, and in weight from 168 to 268 grams, 
receiving no quinine, the average excretion of total sulfapyridine in milli- 
grams per kilogram per day varied less than 5 per cent. In the corresponding 
group of older rata, ranging in age from 172 to 218 days, and in weight from 
343 to 473 grams, the daily excretion after the first 24 hours was equally as 
constant as that of the younger rats. The values for the standard error of the 
mean calculated for the excretion of the free and combined drug (table 1) 
show that there was a satisfactory consistency in the excretions from the 
individual animals. 

Quinine bisulfate administered with the sulfapyridine increased the excre- 
tion of total sulfapyridine in proportion to the dose of quinine for the range 
investigated (fig. 1). On the first day this effect was small but distinguish- 
able. However, on the second, third and fourth days the increased excretion 
was marked, averaging in the younger rats for these days from 13.5 to 43.6 
per cent for a dosage of 30 to 240 mgm. per kilogram per day, respectively, 
of quinine bisulfate. In the absence of quinine the younger rats excreted the 
following percentages of the diuly dose of sulfapyridine: first day, 53.6; 
second day, 52.7; third day, 53.2; fourth day, 61.0. Analogous data following 
the administration of 240 mgm. per kilogram per day of quinine bisulfate 
with the sulfapyridine were; first day 54.2; second day, 67.3; third day, 81.5; 
fourth day, 77.0 (table 1). 

The values for the total sulfapyridine in the blood support the urinary data 
in indicating a more complete absorption of sulfapyridine in the presence of 
quinine. Analyses on whole blood draixm from the older rats on the second 
day of the administration of the drugs, 4 hours after the morning dosage, 
using 120 mgm. per kilogram per day of sulfapyridine, with and without 
quinine, gave the following average values for the total sulfapyridine: no 
quinine, 3.2 mgm. per cent; 120 mgm. per kilogram per day of quinine bi- 
sulfate, 3.9 mgm. per cent; and 240 mgm. per kilogram per day of quinine 
bisulfate, 4.9 mgm. per cent. In a corresponding experiment, except for the 
omission of the larger dose of quinine, the average total sulfapyridine values 
for blood drawn 5 hours after the morning dosage of the drugs were: no 
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SULFAPYRIDINE AND QUININE 40 

quinine, 2.8 mgm. per cent; 120 mgm. per kilogram per day of quinine bi- 
sulfate, 3.1 mgm. per cent. 

Effect of quinine on the rclaiion of free to acetylaled sulfapyridine in the urine. 
In figure 1 we have plotted the avera^ daily excretion of free, acetylated, and 
total Bulfap}Tidine for 4 consecutive days from rats given sulfapyridine, alone 
and with graded quantities of quinine bisulfate. The increased absorption 
and excretion of sulfapyridine in the presence of quinine might have some 
therapeutic advantage were it not for the fact that the percentage of sulfa- 
pyridine excreted in the acetylated form increased to such a degree that the 




MGMS/KGMAAY OF QUNffgE: EOJLFATE 


I □ FREE SULfAPi'RO't'/E 


OC0^'e^ED SULFAPYRIDINE 


Fig. 1. Effects of Quinine Bisolfate on tde Umnabt Excretion of 
S oUAFTRIDlNX 

Dosage of sulfapyridine was 120 mgm./kgm./day. Thirty-five rats ranging in age 
from 56 to 89 days were used. 


total amoimt of sulfapyridine in the free state either remained essentially 
unchanged or decreased (fig. 1). The averages for the last 3 days of the ex- 
periment show that 30 mgm. per kilogram per day of quinine bisulfate in- 
creased the amount of acetylsulfapyridine excreted in the urine 18 per cent; 
120 mgm. increased it 64 per cent, and 240 mgm., 96 per cent. A more 
complete analysis of these changes is recorded in table 2. This increase in 
the acetylsulfapyridine would be less objectionable if there were a correspond- 
ing increase in the volume of the urine to insure its solution, but the volume 
of the urine per unit of body weight in those rats receiving quinine and sulfa- 
pyridine was the same as for those receiving only sulfapyridine. 
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For the range of drugs employed in our experiments the percentage of 
sulfapyridine excreted free bears a linear relationship to the dose of quinine 
in the group of younger animals (fig. 2). Since, with a constant dosage, 
the percentage of sulfapyridine excreted free changed slightly from the second 
through the fourth day of our experiments, it appeared that a more accurate 
evaluation of the effect of quinine would be obtained by selecting the data 
for a single day. The second experimental day was chosen because it pro- 
vided the maximal amount of data. When the daily dosage of sulfapyridine 
was 120 mgm. per kilogram, the average value for the percentage of sulfa- 
pyridine excreted free in the second day’s urine decreased from 46 in the ab- 

TABLE 2 


Effects of quinine on the urinary excretion of sulfapyridine 
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+59.6 
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* Drugs administered at 11 a.m., 3, 5, and 9:30 p.m. 

t The additional water given by stomach tube did not change the volume of the urine, 
t All calculations were based on milligrams of drug per kilogram of body weight. 


sence of quinine, to 25 with a daily dose of 240 mgm. of quinine bisulfate per 
kilogram (fig. 2). In the group of older rats, also shown in figure 2, quinine 
at each level of dosage produced a greater depression in the percentage of 
sulfapyridine excreted free. The greatest divergence between the groups 
occurred in the quinine bisulfate range of 60 to 120 mgm. per kilogram per day. 
Here the percentages of free sulfapyridine in the urine were 42 and 35, re- 
spectively, for the younger rats, but 29 and 23, respectively, for the older 
animals. When one corrects these values for the difference, between the 
groups, in the percentages of sulfapyridine excreted free in the absence of 
quinine, the values are not changed appreciably . It is also apparent from figure 
2 that the relation, between the dosage of quinine and the percentage of sulfa- 
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pyridine excreted free in the urine, is not the same in the younger and older 
animals. In the older rats the relation appears to be logarithmic. In figure 
3 the perceptage of free sulfapyridine excreted by the older rats has been 
plotted against the dosages of quinine bisulfatc on a logaritlimic scale with 
the result that a straight line relationship has been demonstrated. 

In a few experiments we attempted to determine the limits of the action of 
quinine; accordingly we increased the daily dosage of sulfapjTidinc from 120 
to 240 mgm. per kilogram. With the larger dosage of sulfapyridine the daily 
dosage of quinine bisulfate was 120 mgm. per kilogram. The results in 



QUININE BISULPHATE IN MGMS/KGM,/iW 
Fio. 2. Effects of Quinine on the Percentaob of Solfaptridine Excreted 
Free 

Dosage of sulfapyridine was 120 mgm./kgra./day. •, values for second day of ex- 
periment, individual rats, 56 to 89 da)rs of age. X, average values for second day of 
experiment, rats ranging in age from 172 to 218 days. The numeral adjacent to X 
represents the number of rata. 

table 2 show that in the absence of quinine the ratio of excreted to ingested 
sulfapyridine is the same for a dosage of 240 mgm. as for 120 mgm. Also, 
tills table shows that in the presence of a dtuly dosage of 120 mgm. of quinine 
bisulfate the ratio of excreted to ingested sulfapyridine is essentially the same 
for the dosage of 240 mgm. of sulfapyridine as for that of 120 mgm. This 
ratio is smaller than the one obtained when the dosage of quinine is 240 and 
that of sulfapyridine 120, but larger than the one obtained when the dosage 
of quinine is 60 and that of sulfapyridine 120. With a daily dosage of 120 
mgm. of quinine bisulfate per kilogram the percentage of sulfapyridine ex- 
creted free was slightly greater with the larger dosage of sulfapyridine and 
the increase in the excretion of acetylsulfapyridine expressed in per cent was 
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smaUer with the larger dosage (table 2). However, the absolute increase in 
the excretion of acetylsulfapyridine effected by the 120 mgm. dosage of 
quinine bisulfate on the second experimental day was 20.5 mgm. per kilogram 
for the 240 mgm. dosage of sulfap 3 nidine and 21.2 mgm. per Idlogram for the 
smaller dosage of sulfapyridine. Corresponding values for the third day 
were 43.5 and 26.7. 

Although it appeared highly improbable that these effects could be at- 



1.5 3 6 12 24 

ATABRINE IN MGM3./KGM/DAY 

Fig. 3. Effects of Quinine and Atabrine on the Percentage of 
Sulfapyridine Excreted Free 

Dosage of sulfapyridine was 120 mgm./kgm./day. X, values for quinine bisulfate 
on second day of experiment, individual rats, 140 to 218 days of age. •, values for 
atabrine on second day of experiment, individual rats 146 to 218 days of age. 

tributed to any factor other than the quinine, it seemed advisable to exclude 
the possibility that the results might be due to the sulfate in the quinine 
salt. Accordingly, in one group of rats the quinine bisulfate was replaced 
by sodium sulfate, and in another group by quinine hydrochloride. The 
sulfate and the quinine in these substitutes were equivalent stoichiometrically 
to the sulfate and quinine content of 120 mgm. of quinine bisulfate. The 
results, shown in table 1, demonstrate that sodium sulfate did not increase 
the ratio of excreted to ingested sulfapyridine or the amount of acetylsulfa- 
pyridine excreted. However, it depressed somewhat the amount of free 
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sulfapyridine in the urine. Quinine hydrochloride duplicated satisfactorily 
the action of quinine bisulfate. 

The changes in the excretion of sulfapyridine produced by quinine are 
temporary and disappear rapidly when quinine is withdrawn. The rate of 
the disappearance apparently parallels the excretion of the quinine. In a 
group of the older rats ^ven 120 mgm. of sulfapyridine per ^logram daily 
with an equal W’eight of quinine bisulfate for three days, the percentage of 
Eulfap 3 aidiDe excreted free was 31.4 on the first day, 23.4 on the second day, 
and 23.3 on the third day. No dru^ were administered on the fourth and 

TABLE 3 


EJfect of atabrine on the urinary exerelton of eulfapyridine* 
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• The dosage of sulfapyridine was 120 mgm./kgm./day. 
t Atabrine administered on first day only. 

t All calculations were based on milligrams of drug per kilogram of body weight. 


fifth days and the combined urines for these days showed that the percentage 
of sulfapyridine excreted free had risen to 38.1. Corresponding values in the 
controls administered no quinine were: first day 46.1, second day 42.1, third 
day 43.1, fourth and fifth days 46.4. 

Atabrine. An examination of the action of atabrine to determine whether 
or not this drug resembled quinine in its effect upon the excretion of sulfapyri- 
dine appeared to have some therapeutic interest. Since atabrine is used in 
the treatment of malaria in approximately one-tenth of the weight employed 
for the salts of quinine this ratio was adherred to in some of our experiments 
in which atabrine was substituted for the quinine bisulfate. The data in 
figure 3 and table 3 show that atabrine does not appreciably influence the 
excretion of sulfap 3 rridme. 
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Disctssion. Using a daily dosage of 1 gram of sulfapyridine per kilogram, 
under conditions somewkat different from those of our experiments, Scudi and 
Bobinson (10) observed that 3 or 4 days were required to attain a constant 
umary excretion of the free drug, although the excretion of acetylsulfapyri- 
dine became constant in 24 hours. In our experiments the excretion of both of 
these products became constant in 24 to 48 hours. We believe that the appar- 
ent discrepancy between the results from the two laboratories is attributable 
to the large difference between the dosages employed. 

The increased absorption of sulfapyridine in the presence of quinine corre- 
sponds to the results reported by Hanslik and Cutting (11) and also by Driver 
and Murlin for insulin and quinine (12). These authors observed that quinine 
facilitated the absorption of insulin fron the intestine of man, rabbits and dogs 
by a mechanism independent of its antienzymatic action. 

Similar analogies for the action of quinine on the conjugation of sulfapyri- 
dine have not been found. Quinine inhibits the conjugation of glycine and 
benzoic add in the perfused kidney (13), oxidations in the excised muscle 
(14), and autolysis in the excised liver (15). These observations suggested 
that it might inhibit the acetylation of sulfapjoidine and thereby enhance this 
sulfonamide’s therapeutic value and decrease its toxicity. The disclosure 
of an effect the opposite from that expected suggests at least two explanations: 
(a) that quinine exerts a greater inhibition on the system responsible for the 
deacetylation of sulfapyridine than on that responsible for the acetylation 
(16); (b) that it increases the differential between the renal clearance of free 
and acetylated sulfapyridine (17). In support of the first suggestion, the 
average values for the percentage of combined sulfapyridine in the blood are 
slightly though consistently higher in the rats receiving quinine. On a daily 
dosage of 120 mgm. of sulfapyridine per kilogram the average percentages of 
combined sulfapyridine in the blood of the older rats, 4 hours after the morn- 
ing administration of the drugs on the second day of the experiment were: 
vrithout quinine, 51 per cent; with 120 mgm. of quinme bisulfate per kilogram 
per day, 56 per cent; with a daily dose of 240 mgm. of quinine bisulfate per 
kilogram, 59 per cent. On the fourth day of a parallel experiment, in which 
only the smaller dose of quinine was used, 5 hours after the morning dosage 
the average values were; without quinine, 40 per cent combined; uith quinine, 
45 per cent combined. These results do not exclude the possibility of a renal 
action but additional experimental data will be required to support the 
suggestion. 

In view of the close similarity between the conjugation and excretion of 
sulfapyridine in man and the rat it appears that treatment in the human of a 
double infection for which quinme and sulfapyridine would be simultaneously 
used should be managed by other drugs until it is established that the quanti- 
ties of these drugs employed in human therapy do not increase the hazard of 
urolithiasis. 
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SUMMABT 

1. Quinine administered orally with sulfapyridine to rats increased the 
total amount of Bulfap 3 Tidine absorbed and excreted in the urine. The 
maxiinal increase was produced by the largest dose of quinine and, using 
average values, amounted to 44 per cent. 

2. The increase in the urinary excretion of total sulfapyridine represented 
principally an increase in the acetylsulfapyridine. The largest dose of 
quinine produced an average increase of 96 per cent in the excretion of acetyl- 
sulfapyridine. This effect was not accompanied by an increase in the volume 
of urine. 

3. Quinine depressed the free sulfapyridine in the urine. The maximal 
decrease observed was 33 per cent. 

4. Atabrine substituted for quinine produced no comparable effect. 
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It is generally agreed that sulfanilamide and its derivatives are highly 
effective in the treatment of diseases caused by a variety of bacteria, a few 
viruses and some parasites. On the other hand, the results obtained with 
these drugs are frequently less satisfactory in localized purulent lesions and 
in certain subacute and chronic infections. Failure of chemotherapy in these 
conditions may be due in part either to drug-fastness of the microorganisms 
or to the presence of anti-sulfanilamide factors such as peptone, p-amino- 
benzoic acid and certain growth factors in inflammatory exudates. 

It has been shown that the antibacterial activity of sulfamido compounds 
can be markedly enhanced by the addition of immune serums. In an exten- 
sive study on drug and serum therapy of experimental meningococcal infec- 
tions of mice, Branham (1) showed that the combination of sulfanilamide or 
sulfapyridine nith meningococcal antiserum gave results far better than with 
either agent alone. Moreover, she made the interesting observation that a 
serum that had practically no protective action when used alone gave marked 
protection when it was given together with the sulfamido compounds. Like- 
wise, there is some clinical evidence that the administration of both sulfamido 
compounds and anti-pneumococcal serum may yield better results than treat- 
ment with either alone. The question arises as to whether or not similar 
synergistic effects may be obtained by the combined use of sulfamido com- 
pounds and other specific chemotherapeutic agents or ordinary disinfectants. 
Osgood and his co-workers (2) studied the effect of neoarsphenamine plus 
suUathiazol in marrow cultures and suggested the combined use of these drugs 
in the treatment of severe infections of man. Zaytzeff-Jem and Meleney (3) 
reported favorable results in the treatment of staphylococcal infections by the 
' combined use of sulfamido compounds and specific bacteriophage. Sulfa- 
mido compounds not only somewhat increased the lytic activity of bacterio- 
phage, but also inhibited the development and growth of phage-resistant 
staphylococci (4). 

In vitro experiments on the combined effectiveness of two chemotherapeutic 
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substances active against pneumococdl failed to reveal such a synergistic 
action: Sulfapyridine and sulfathiazol used together with optochin hydro- 
chloride (ethylhydrocupreine hydrochloride) or /3-hydroxyethylapocupreine 
dihydrochloride (Parke, Davis & Co.) exerted no increased bacteriostatic 
activity beyond that of either compound in like concentration alone (5). 
Likewise, no evidence of a synergistic action was obtained when sulfamido 
compounds were combined with certain ordinary disinfectants, e.g., mer- 
thiolate. Nor did any increased bacteriostatic effectiveness toward Group A 
hemolytic streptococcus result from the combined use of sulfanilamide and 
actinomycin A, obtained through the courtesy of Dr. Selman A. Waksman, 
New Jersey Agricultural Experimental Station, New Bruns^vick. On the 
other hand, it could be shown (6) that the combined use of pyridium (phenyl- 
azo-a-a-diaminopyridine mono-hydrochloride) and sulfamido compounds 
exerted greater bacteriostatic activity toward B. coli tn vitro than either 
compound alone: 5 mgm. per cent of sulfapyridine combined with pyridium 
in a dilution of 1:6,000 completely prevented growth of the organisms, 
whereas sulfapyridine alone, even in a concentration of 50 mgm. per cent, and 
pyridium alone (1:6,000) failed to do so. In a preliminary note (7) it was 
reported that sulfanilamide and azochloramid in combination produced 
greater bacteriostatic effects toward hemolytic streptococcus than either 
agent alone. Azochloramid (N, N'-Dichloroazodicarboxamidine (Wallace & 
Tieman Products)) was chosen as a relatively stable bacteriostatic and bac- 
tericidal chlorine compound whose effectiveness in the presence of organic 
matter is inhibited to a slight degree only. 

The results of in vitro experiments on the synergistic action of sulfamido 
compounds (such as sulfanilamide, sulfapyridine, sulfathiazol and sulfa- 
diazine) and azochloramid upon various pathogenic microorganisms are pre- 
sented in this communication. 

Matebui/ and AIethods. The strains of microorganisnis used in these studies were 
isolated from human sources. Group A hemolytic streptococcus was recovered from 
empyema fluid; Group D hemolytic streptococcus was obtained from the unne of a 
patient with pyelitis; alaphylococcut aureut hemolytioua was recovered from the empyema 
fluid of a child; and pneumococcus type I from the sputum of a patient with pneumonia. 
All the strains were kept on blood agar plates prepared with human blood. The strain 
of staphylococcus was pathogenic according to the plasma coagulase test. The strain 
of pneumococcus type I even in high dilution killed both mice and rabbits. 

As culture medium brain heart infusion (Difeo) (containing infusion from calf brains 
and beef heart, 1 per cent proteose peptone, 0.2 per cent dextrose, 0.5 per cent sodium 
chloride and 0.25 per cent disodium phosphate) was employed. The pH of the broth 
was 7.4. The broth was sterilized by autoclaving at 15 pounds pressure for IS minutes. 

The following sulfamido compounds were used in these studies: sulfanilamide, (p-am- 
inobenronesulfonamldc, Wmthrop); sulfapyridine (2-8uIfanilyl aminopyridine, Merck); 
sulfathiazol (2-sulfanilamidothia2oI, Wmthrop); and sulfadiazine (2-6ulfaniIamido- 
pyrimidine, Lederle). These drugs were dissolved in appropriate amounts in infusion 
broth and the broths were sterilized by autoclaving at 15 pounds pressure for 15 minutes. 
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Azoohloramid (iV.iV'-Dichloroazodicarboxamidine, Wallace & Tiernan Producta) 
was dissolved in sterile broth and kept in the dark. The azoohloramid broth was not 
heated; controls for sterility were carried out. 

The bacteriostatic activity of these drugs, atone and in combination, was estimated 
on the basis of inhibition of visible growth. In some experiments the number of viable 
organisms was determined by means of poured blood agar plates. The specimens were 
diluted in broth containing p-aminobenzoic acid and/or sodium sulfite in order to coun- 
teract the activity of sulfanilamide and azochloramid. 

Results. Experiment I: The combined bacteriostatic activity of azochloramid 
and sulfathiazol, alone and in combination, upon Group A hemolytic streptococcus. 
In this experiment sulfathiazol was used in concentrations ranging from 0.1 
to 100 mgm. per cent and azochloramid in concentrations of 1 : 100,000 and 
1:150,000. When used in combination sulfathiazol was studied in concen- 
trations from 0.1 to 100 mgm. per cent and azochloramid in a dilution of 

TABLE 1 


Bacteriostatic activity of azochloramid and sulfathiazol, alone and in combination, upon 
group A hemolytic streptococcus in infusion broth 
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1:200,000. Broth -without any drugs was used as a control. The broths 
(volume 4.8 cc.) were seeded vith 0.2 cc. of a 1:5 diluted 18 hours infusion 
broth culture of Group A hemolytic streptococcus. The tubes were kept 
at 37°C. in the dark. The resulting growth was noted at various intervals. 
The results of this experiment are presented in table 1. 

It may be seen from table 1 that sulfathiazol in combination with azo- 
chloramid exerted greater bacteriostatic acthity upon this strain of Group A 
hemolytic streptococcus than either drug alone. When used together with 
azochloramid (1:200,000) grow'th was completely and continuously inhibited 
by sulfathiazol in a concentration of 1 mgm. per cent. In contrast, sulfa- 
thiazol alone in a concentration of 10 mgm. per cent as well as azochloramid 
alone in a concentration of 1:100,000 failed to prevent the growth of the 
organism. Thus azochloramid and sulfathiazol in combination exerted 
greater bacteriostatic activity than ten times the concentration of sulfathiazol 
alone or twice the concentration of azochloramid alone. 

Experiment 11: The combined bacteriostatic activity of azochloramid and 
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sulfadiazine, alone and in comhinationt upon Group A hemolylic streptococcus. 
Recent experimental and clinical investigations have shown the antibacterial 
efficacy of another Bulfanilamide derivative, namely, sulfadiazine. It was 
thought desirable, therefore, to study the anti-streptococcal activity of sulfa- 
diazine and azochloramid, alone and in combination. A representative experi- 
ment was as follows: Infusion broth (volume 4.8 cc.) containing (1) sulfadiazine 
in concentrations ranging from 0.1 to 100 mgm. per cent; (3) azochloramid in 
concentration of 1:150,000; (S) azochloramid (1:200,000) together with sulfa- 
diazine (0.1 to 100 mgm. per cent) was inoculated with 0.2 cc. of a 1 :5 diluted 
18 hours infusion broth culture of Group A hemolytic streptococcus. The 
tubes were incubated for 4 days at ST^C. Tlie results of this experiment are 
presented in table 2, which shows that sulfadiazine alone even in concentra- 
tions up to 100 mgm. per cent foiled to prevent the growth of the strepto- 
coccus. Likewise, azochloramid in a concentration of 1:150,000 did not 
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inhibit its growth. On the other hand, sulfadiazine in concentration of 
10 mgm. per cent used in conjunction with azochloramid in a concentration 
of 1 :200,000 completely and continuously inhibited the growth of the strepto- 
coccus. As previously reported, a similar synergistic action toward Group A 
hemolytic streptococcus was obtained by the combined use of azochloramid 
and sulfanilamide. It may be concluded from these experiments, therefore, 
that the combined use of azochloramid and sulfamido compounds exerts 
greater anti-streptococcal activity than does either compound alone in like 
or somewhat higher concentrations. A quantitative study confirmed these 
results. In one representative experiment the numbers of viable streptococci 
per 0.2 cc. after 24 hoiu-s’ incubation at 37*C. were as follows: (1) Control 
broth: 4,000,000; (3) 100 mgm. per cent sulfanilamide broth: 2,000,000; 
(S) 1:800,000 azochloramid broth; 3,000,000; (4) 1:200,000 azochloramid 
broth: GOO; (5) broth containing 25 mgm. per cent of sulfanilamide and azo- 
chloramid in a dilution of 1:800,000: 2,100. In the same experiment, after 
48 hours’ incubation, no viable streptococci were demonstrable in broth con- 
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taining 25 mgm. per cent of sulfanilamide and azochloramid in a dilution of 
1:400,000, whereas broth containing azochloramid alone in a dilution of 
1:200,000 had 8,000,000 viable streptococci. 

Experiment HI: The combined haderiostatic activity of azochloramid and 
sulfanilamide, alone and in combination, upon Group D hemolytic streptococcus. 
The bacteriostatic activity of sulfanilamide in concentrations of 10 to 1000 
mgm. per cent and of sulfanilamide in combination with azochloramid in 
concentrations of 1:100,000 and 1:50,000, respectively, toward Group D 
hemolytic streptococcus was investigated. For comparison, azochloramid 
alone in a concentration of 1:20,000 was included. The broths (volume 
4.8 cc.) were seeded with 0.2 cc. of a 1:1,000,000 diluted 18 hours infusion 
broth culture of the streptococcus. The tubes were incubated at S7°C. for 
6 days and the resulting growth was recorded at various intervals. Table 3 
gives the results of this experiment. 

TABLE 3 
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It may be seen from table 3 that sulfanilamide in concentrations up to 
100 mgm. per cent failed to exert any bacteriostatic activity toward this 
strain of Group D hemolytic streptococcus; in concentration of 1000 mgm. 
per cent it delayed the growth of the organism, but did not completely pre- 
vent it. Azochloramid alone in concentration of 1:20,000 inhibited the 
growth of the streptococcus; in concentrations of 1:50,000 and less its bac- 
teriostatic activity was slight. The table, furthermore, shows that the com- 
bined use of both drugs was slightly more effective than that of either drug 
in like concentration alone. In combination, sulfanilamide in concentration 
of 100 mgm. per cent and azochloramid in concentration of 1 : 100,000 delayed 
the ^owth of the organism to approximately the same e.xtent as did sulfanil- 
amide alone in a concentration of 1000 mgm. per cent and azochloramid alone 
in a concentration of 1 : 50,000. It is interesting to note that sulfanilamide in a 
concentration of 10 mgm. per cent used in conjunction with azocWoramid 
(1 : 50,000) exerted greater growth-inhibiting activity than sulfanilamide alone 
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in a concentration of 1000 mgm. per cent. However, this combination of 
the two drugs was not more effective than azochloramid alone in concentra- 
tion of 1:20,000. Similar results were obtained in several experiments, indi- 
cating that the combined use of azochloramid and sulfanilamide is only 
slightly more effective toward Group D hemolytic streptococcus than either 
compound alone. 

Experiment IV: The combined bacteriostatic activity of azochloramid and 
sulfadimine, alone and in combination, upon pneumococcus type I. Infusion 
broth containing (I) sulfadiazine in concentrations ranging from 0.1 to 100 
mgm. per cent; {2) azochloramid (1 :150,000); (S) sulfadiazine (0.1 to 100 mgm. 
per cent) plus azochloramid in concentrations of 1:200,000 and 1:400,000, 
respectively, was inoculated with 0.2 cc. of a 1:5 diluted 18 hours broth 
culture of pneumococcus type I. The tubes were incubated at 37°C. for 6 
days and the gro^ih was noted at various intervals. The results of this 
experiment are presented in table 4. 

Table 4 reveals that sulfadiazine even in concentrations up to 100 mgm. 
per cent and azochlorartud in a concentration of 1:150,000 failed to prevent 
the growth of the pneumococcus, although azochloramid definitely delayed it. 
In contrast, sulfa^azine in concentration of 10 mgm. per cent and above used 
together with azochloramid in a concentration of 1:200,000 caused complete 
bacteriostasis over the entire period of observation. Essentially the same 
results were obtained in several experiments using sulfanilamide, sulfapyridine 
or Bulfathiazol together with azochloramid. It may be concluded, therefore, 
that the combined use of these sulfamido compounds and azochloramid exerts 
greater anti-pneumococcal activity than cither drug alone in like or even 
higher concentrations. 

Experiment V: The combined bacteriostatic activity of azochloramid and sulfa- 
ihiazol, alone and in combination, upon staphylococcus aureus hemolyticus. As 
in the experiments on pneumococcus and Group A hemolytic streptococcus, 
the combined use of sulfamido compounds and azochloramid resulted in 
increased inhibition of growd-h of staphylococcus aureus hemolyticus beyond 
that exerted by either compound alone. A representative experiment ensues. 
Infusion broth containing sulfathiazol in concentrations from 0.1 to 100 mgm. 
per cent; broth containing azochloramid in concentration of 1:100,000; as 
well as broth containing both sulfathiazol (0.1 to 100 mgm. per cent) and 
azochloramid (1:200,000 and 1:300,000, respectively), were seeded w'ith 
0.2 cc. of a 1 : 10,000 diluted 18 hours broth culture of staphylococcus aureus 
hemolyticus. The tubes were incubated for 4 days at 37®C. and the growth 
was noted at various intervals. The r^lte of this experiment are given 
in table 5. 

Table 5 shows that the combined use of sulfathiazol and azochloramid 
delayed the growth of the organism more definitely than either drug alone. 
It is interesting to note that in combination with azochloramid sulfathiazol 



TABLE 4 

Bacteriostatic activity of azochloramid and sulfadiazine, alone and in combination, upon pneumococcus type I in infusion broth 
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in lower concentrations (1 and 10 mgm. per cent) exerted greater bacteriostatic 
activity than in higher concentrations (100 mgm. per cent) either alone or in 
conjunction nith azochloramid. Thus far this particular finding was ob- 
tained with the staphylococcus only. Essentially the same results \vere 
obtained in several experiments by the combined use of sulfathiazol or sulf- 
adiazine and azochloramid. 

Discussion. Synergistic action of anti-microbial agents is a well knonm 
phenomenon. It suffices to mention the combined treatment of syphilis 
w-ith arsenicals, bismuth and mercurj'. Such combinations of drugs may have 
definite advantages, provided that they are more effective than treatment 
with a single chemotherapeutic agent or cause fewer toxic reactions. It is 
interesting to note that t'n vitro experiments on the effectiveness of sulfamido 
compounds used in conjunction with other anti-microbial agents yielded 
different results: In some instances no evidence was obtained of any syn- 
ergistic action; in others, as in the above reported experiments on sulfamido 
compounds and azochloramid, increased bacteriostatic effects resulted from 
the combined use of two drugs. Azochloramid in suitable concentration used 
together with certain sulfamido. compounds exerted greater bacteriostatic 
activity toward pneumococcus t3T3e I, Group A hemolytic streptococcus, 
Group D hemolytic streptococcus, and staphylococcus aureus hmolylicus 
than did either compound alone in like concentration. Moreover, with 
certain microoiganisms, these drugs, when used in combination, gave better 
results than several times the concentration of either agent alone. Thus 
these experiments present examples of the phenomena of synergism and po- 
tentiation. It is interesting to note that in order to obtain synergistic effects 
by the combined use of azochloramid and sulfamido compounds, a relatively 
large fraction of the effective concentration of the former drug had to be used, 
whereas a small fraction of the effective concentration of the sulfamido com- 
pounds frequently sufficed. 


SUII&IART 

An in vitro study on the combined antibacterial activity of sulfamido 
compounds and azochloramid revealed the following: 

1. Azochloramid used in combination with sulfanilamide, sulfathiazol, and 
and sulfadiazine may exert greater bacteriostatic activity toward Group A 
hemolytic streptococcus than does either compound alone in like or somewhat 
higher concentrations. 

2. A slight increase in bacteriostatic activity toward Group D hemolytic 
streptococcus was obtained when azochloramid was used in conjunction with 
sulfanilamide. 

3. The combined use of azochloramid and sulfanilamide, sulfapyridine, 
sulfathiazol or sulfadiazine resulted in greater inhibition of growth of penu- 
mococcus type I than did that of either drug alone in like or somewhat higher 
concentrations. 
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4. The combined use of sulfathiazol or sulfadiazine and azochloramid 
retarded the growth of staphylococcus aureus hemolyticus to a greater extent 
than did either drug in like or higher concentrations. 
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Increase in kidney weight following injection of androgens has been reported 
repeatedly (1, 2, 3). It is more marked in nuce than in rats, and in male than 
in female animals. Since the increase in dry weight of the kidney is of the same 
order as the increase in wet weight, there is a true renal hypertrophy and not 
simply edema. Testosterone propionate has also been shown to increase the 
degree of compensatory hypertrophy after unilateral nephrectomy (4), and to 
delay the atrophy which follows ligation of the ureter (5). In an attempt to 
ascertain whether the renal trophic effects were of any functional significance, 
Selye (6) gave female mice daily infections of testosterone (3-4 mgm.) for six 
days and then mercuric chloride (12.5-1C.5 mgm. per kilogram) daily, or twice 
daily for five to eight days. In one experiment, the controls were all dead 
by the eighth day, while eight of ten treated animals recovered. 

These results were sufficiently striking to suggest the possible value of testo- 
sterone in cases of mercuric chloride poisoning in man. Unfortunately, “pre- 
treatment” would rarely be possible. It seemed appropriate, therefore, to 
determine whether testosterone exerted a similar protective action when given 
at the same time as, or after, mercuric chloride. 

Methods. Male albino rats of a elngU striua weighing from 250-350 grams were used. 
In each group the control and treated animals were paired as closely as possible with respect 
to weight and age. Food and water were constantly avaiJable. A single injection of mer- 
curic chloride, 5-12 mgm. per kilogram, in distilled water was given subcutaneously. The 
treated animals received testosterone propionate dissolved in sesame oil (Oreton)* in doses 
of 2J5-2S mgm. per rat immediately afterward, but the injecUon was, of course, made at a 
different site. The dose of testosterone propionate was repeated daily until the animal 
died or for seven days. Blocks of kidneys were 6xed in formalin, and histological sections 
stained with hematoxylin and eosin. 

In order to determine the effect of testosterone propionate alone, 5, 10, and 25 mgm. were 
injected daily for one week; two rats were used for each dose. The animals showed no 
abnormal symptoms. One of each group was killed 24 hours after the last dose. The 
kidneys weighed 735, 925, and 1200 mgm. per 100 grams of rat, in the order of increasing dos- 


* Supported by a grant from the Commonwealth Fund. 

* Dr. Max Gilbert of the Schering Corporation generously furnished the Testosterone 
Propionate (Oreton) in these experiments. 
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age. Histologically, the tubule cells showed slight cloudy swelling without evidence of 
abnormal hyperplasia. The other rats were sacrificed eight days after the last dose of 
testosterone, ffidney weight was 1070, 850, and 1070 mgm. per 100 grams of rat. Sections 
were microscopically normal. 

Results. The results are summarized in table 1. After a dose of 12 mgm. 
of mercuric chloride per kilogram no animals survived. While the average 
duration of life was slightly greater in the group receiving 10 mgm. testosterone 
propionate daily, the difference is not statistically significant; nor is the huge 
dose of 25 mgm. per rat per day any more effective than 6 mg. 

Following a dose of 8 mgm. of bichloride per kilogram a few treated animals 
survived while all control animals died. The survival with doses of 2.6 and 
5 mgm. of testosterone is not significant with such small series. The survival 

TABLE 1 
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of four of thirteen animals receiving 10 mg. testosterone propionate daily is, 
however, apparently significant, for the difference in survival is 2.7 times its 
standard error. With this dose of mercuric chloride, larger doses of testos- 
terone seem more beneficial than smaller ones in contrast to the results with 
12 mgm. per kilogram doses of mercuric chloride. The mean duration of life 
in the animals which received 5 and 10 mg. testosterone was significantly longer 
than in the control group. 

When the dose of mercury was reduced to 6 mgm. per kilogram two of twelve 
control animals survived while nine of twelve treated with 5 mgm. testosterone 
propionate daily survived. This difference is 2.9 times its standard error and 
is therefore significant. 

Since the animals drank relatively little water after poisoning (the treated 
rats no more than the controls), and since the maintenance of a large urine vol- 
ume is apparently of benefit during the period of tubular regeneration (7), a 
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group of twelve rats was given 8 mgm. of mercuric chloride per kilo, 10 mgm. 
testosterone propionate on alternate days, and 30-40 cc. of physiological salt 
solution intraperitoneally daily after the third day. Urine volumes were 5-50 
cc. but only two of the animals survived. 

No survivals occurred in a group of six rats poisoned with 8 mgm. of mer- 
curic chloride per kilogram and given a single injection of 10 mgm. testosterone 
propionate. 

All of the animals lost weight after the injection of mercuric chloride. The 
amount lost varied considerably in different rats, those surviving for the longer 
intervals usually shearing the greatest loss. The rate of loss averaged 1 to 
2 per cent of the original weight per day in control groups, and from 1.2 to 3.4 
per cent of the original weight in the treated groups. The kidneys were en- 
larged in both control and treated groups. In a sample of twelve normal male 
rats of the same strain, age, and weight as the animals used, the mean kidney 
weight per 100 grama body weight was 841 mg. In the animals djdng after 
receiving mercuric chloride only, the mean kidney weight per 100 grams of 
body weight w'as 1,116 mg., while in the treated animals it was 1,230 mgm. 
This difference is not statistically significant, nor was there any significant 
difference in the kidney weights of animals receiving 6, 8, or 12 mgm. of mer- 
curic chloride per kilogram, or the various amounts of testosterone. It is 
impossible to say whether the increased weight is more than edema since es- 
timations of dry weight were not made. The kidney weight in the treated 
animals exceeds that in the normal group by approximately the same degree 
as Ludden and Kruegar (2) found from daily injections of testosterone. The 
average kidney weight in animals surviving poisoning, and killed ten weeks 
later, w’as 871 mgm. per 100 grams of rat. 

Microscopically,* there were similar changes but of different degrees in the 
kidneys of rats dying after treatment with testosterone and in the controls. 
The difference between the two groups was not striking, but as a result of care- 
ful study of the slides from both groups, mixed together, it was possible ob- 
jectively to pick out most, though not all, of the kidneys of testosterone-treated 
rats. The latter showed, in general, less extensive necrosis of tubules, a greater 
amount of well-preserved tubular epithelium, and less calcification than those 
of the non-treated animals. A slight difference in regenerative capacity of the 
cells lining the tubules was also noticed between the two groups. In the group 
treated with testosterone, there were more bizarre and large nuclei as well as 
more mitoses in the cells lining the convoluted tubules. These changes were 
interpreted as indicating an attempt at regeneration and were more abundant 
in the kidneys of testosterone-treated rats. 

Some of the kidneys of surviving animals killed ten w'eeks after poisoning 

* Dr. Harry Goldblatt and Dr. S. Koletsky of the Institute of Pathology, Western Re- 
serve University Mndly examined these sections. 
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presented an essentially normal picture while others showed a focal interstitial 
nephritis characterized by occasional dilated tubules containing hyaline mate- 
rial. Some kidneys showed the flattened tubular epithelium described by 
MacNider (8) in animals recovered from uranium poisoning and which he has 
shown to be resistant to subsequent injury by mercury. In some kidneys 
small deposits of calcium were present in the lining epithelium of the tubules 
and in the tubular lumen. 

Treatment of mercuric chloride poisoning in rats with testosterone propionate 
is ineffectual when large doses of mercury are given. When, however, the 
dose of mercury is near the minimal fatal dose, such treatment leads to the 
survival of an increased proportion of animals. Since the mortality of mer- 
curic chloride poisoning in man has not been signiRcantly improved by the va- 
rious antidotes proposed, it seems that a trial of testosterone is justified on the 
basis of the experimental work available. The outcome of a single case, how- 
ever, depends on so many factors, and is so unpredictable when the patient is 
first seen, that the value of any new treatment can only be assayed on the basis 
of a series of cases. 


CONCLUSIONS 

Male albino rats poisoned with 6, 8, and 12 mgm. of mercuric chloride per 
kilogram were treated with 2.5 to 25 mgm. of testosterone propionate per rat 
per day. With the largest dose of mercury no animals survived. Thirty per 
cent of animals poisoned nith 8 mgm. mercuric chloride per kilogram and 
receiving 10 mg. per day of testosterone survived, while with 6 mgm. mercuric 
chloride per kilogram 75 per cent of the treated animals survived compared to 
17 per cent of controls. 

Treatment with testosterone propionate apparently increases the survival 
rate of rats poisoned with small doses of mercuric chloride, but is without 
effect when larger doses of poison are used. 
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It long has been known that a similarity in physical and chemical properties 
easts between compounds of benzene and analogous beterocyebe derivatives. 
In 1925 Gilman and Pickens (1) concluded, as a result of local anesthetic 
studies on derivatives of benzene and corresponding furane, thiophene and 
pyrol compounds, that a slrrularity in physiological action also existed between 
these groups of compounds. Gilman and his associates found this parallelism 
applicable also to certain modifications of benzene and analogous heterocyclic 
agents with sweetening (2) and hypnotic (3) properties. Phatak and Leake 
(4, 5) found these correlations could be extended to include certain bacterio- 
static benzene and furane analogues. Recently Alles and Feigcn (6) reported 
certain similarities in the type of physiological effects produced by isopro- 
pylamines of thiophene, furane and benzene. Extension of these correlation 
studies to compounds with different types of action would appear desirable. 
The present studies therefore were carried out to determine if generalizations 
could be made concerning similarities and differences in the type of physio- 
logical action produced by certain analogous ammonium iodides of benzene 
and furane. 
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Furfuryl trimethyl ammonium iodide (F T M) previously was found to 
produce a paras 3 mpathetic type of effect (7) and to manifest a relatively 


* This investigation was supported in part by the D. J. McCarthy Foundation. 

*We wish to express our tbanhs and appreciation to Dra. F. P. Nabenhauer and 
Glenn L. Ullyot of Smith, Kline and French Laboratories for samples of the compounds 
used in the present studies. 
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mild “nicotine-stimulating” action after atropine (8). Luchsinger (9) 
stated that benzyl trimethyl ammonium (B T M) caused cardiac and glandu- 
lar effects similar to muscarine and that its cardiac action could be antago- 
nized by atropine. Lee, Van Arendonk and Chen (10) found benzyl trimethyl 
ammonium iodide exhibited marked depressor activity which was antagonized 
by atropine. These authors also state that the benzyl compound possessed a 
relatively mild “nicotine-stimulating" action. 

IsoiATED PEHFosED GtjiNEA-piG LUNGS. Btonchial coDstriction after 
furfuryl- and benzyl-trimethyl ammonium iodides appeared probable because 
of the nature of their previously reported actions. Comparisons therefore 
were made of the effect of these compounds on perfusion fluid flow through 
isolated guinea-pig lungs. The method used was similar to that described by 
Soilmann and Von Oettigen (11). Addition of the furfuryl compound in 
0.01 mgm. quantities caused a 17 per cent, and in 0.1 mgm. amounts a 30 
per cent decrease (average figures) in rate of perfusion fluid flow through the 
lungs. Comparable decreases in rate of perfusion fluid flow through the 
lungs were obtained with the benzyl compound in a dose range of 0.1 to 1.0 
mgm. Both compounds were ineffective after atropine. 

Isolated intestine. A definite increase in tonus was reported previously 
(7) with 1 : 5,000,000 furfuryl trimethyl ammonium iodide in Tyrode’s solution 
surrounding a segment of isolated rabbit intestine. Comparable effects have 
been obtained in the present studies with 1:750,000 to 1:1,000,000 benzyl 
trimethyl ammonium iodide. Larger amounts of these compounds induced 
marked spasm which was antagonized by atropine. This is illustrated in 
figure 1 in which spasm after 1:600,000 F T M (fig. 1, A) and 1:100,000 
B T M (fig. 1, B) is shown to be antagonized by 1:1,000,000 atropine. In 
other experiments antagonism to augmentation after 1:1,000,000 furfuryl- 
or 1 : 100,000 benzyl-trimethyl ammonium iodide was obtained with con- 
centrations of atropine sulfate as low as 1 : 100,000,000. 

CiECULATiON. Before atropine. The marked similarity in type of effect 
produced by furfuryl- and benzyl-trimethyl ammonium iodides in etherized 
dogs is illustrated in figure 1 (C and D). Intravenous injection of 0.001 
millimol of F T M per kgm. (fig. 1, C) caused a decrease in spleen volume, 
increased tonus of a segment of intestine, an increase in limb volume, faU in 
blood pressure and a marked flow of saliva. In the same animal 0.01 millimol 
of B T M per kgm. (fig. 1, D) induced an identical type of response. In 
numerous experiments on etherized cats the depressor activity of the furfuryl 
compound was found to be 6 to 8 times greater than that of the benzyl deriv- 
ative. The depressor action of both compounds was antagonized by atropine 

sulfate. , , X u 1 

After atropine. As mentioned above it has been reported that benzyl- 

(10) and furfuryl- (8) trimethyl ammonium iodides exhibited relatively mild 
“nicotine-stimulating” properties. In the present experiments comparisons 
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of the circulatory activity of these compounds were made in decapitated cats 
which received an initial injection of 3.0 mgm. of atropine sulfate per kgm. 
and supplementary doses of 1.5 mgm. per kgm. 15 minutes prior to adminis- 
tration of either the benzj'l of furfui^d derivative. In figure 1 it is shown that 



y>._ - • 1 " '•'*** I i d SU8- 

P ■ 

‘ ' • ■ . ! I stinal 

B . I . . • : ood pressure by mercury manometer, 

B_ . _ . ' . ■ • inserted into Wharton’s duct, middle 

line « injection into a femoral vein, lower line — time in minutes. Doses are in millimol 
per kgm. 

E, F and G Cat 3.7 kgm. anesthetized with nembutal, decapitated and atropinized. 
B. P. = carotid blood pressure by mercury roanometer. Upper line indicates injection 
into a femoral vein. Lower line time in minutes. Doses are in mg. per kgm. 

1.25 mgm. of B T M per kgm. (fig. 1, E) caused a marked rise of blood pressure 
in a decapitated, atropinized cat, whereas 1.25 mgm. of F T M per kgm. 
(fig. 1, F) produced only a fall of blood pressure followed by a slight {rise. 
In this animal 7.5 mgm. of F T M per kgm. (fig. 1, G) were required to cause a 
rise of blood pressure comparable with that observed after 1.25 mgm. of 
B T M per kgm. In similar experiments on 7 other cats the benzyl derivative - 
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was found to exhibit 6 to 8 times as great a pressor activity, after atropine 
as its furfuryl analogue. The quantitative relationship which exists between 
these compounds for parasympathetic type of effect, therefore, is reversed in 
the case of their pressor action, after atropine. 


^ 0 ' 


H I CHj 

-C— i— CHj 

CH3 ^CH, 


a-furfuryl ethyl trimethyl 
ammonium iodide (a-F) 



CHj 


oi-phenyl ethyl trimethyl 
ammonium iodide (a-B) 


Analogous modifications of F T M and B T M, namely a-furfuiyl ethyl 
trimethyl ammonium iodide (a-F) and tt-phenyl ethyl trimethyl ammonium 



Fio. 2. A and B. Cat 3.3 kgm., ether anesthesia. B. P. = carotid blood pressure by 
mercury manometer. Upper line indicates injection into a femoral vein. Lower line = 
time in minutes. Doses in mg. per kgm. 

C, D and F. Cat 5.0 kgm., anesthetized with nembutal, decapitated and atropinized. 
B. P. = carotid blood pressure by mercury manometer. Upper line indicates injection 
nto a femoral vein. Lower line = time in minutes. Doses in mgm. per kgm. 

odide (a-B) also have been included in the present studies. The a-phenyl 
lompound (bromide) was reported by Hunt and Renshaw (12) to exhibit 
ess “muscarinic” and “nicotine-stimulating” activity than /3-phenyl ethyl 
;rimethyl ammonium bromide. The depressor effectiveness of the a-phenyi 
derivative, therefore, should be less than that of B T M because Lee et al. 
(10) report the /3-phenyl compound possessed a lower order of depressor 
activity than B T M. The a-furfuryl derivative is a new compound and 
has not been investigated previously. Quantitative comparison of effects 
after the a-furfuryl and a-phenyl derivatives, other than those on circulation, 
appeared impractical. For example, increased tonus of isolated rabbit in- 
testine was observed with these compounds but occasionally both produced 
depression. In isolated perfused guinea-pig lung experiments the a-furfuryl 
derivative caused a decrease in rate of perfusion fluid flow but the a-phenyl 
compound was ineffective in the amounts used (up to 100 mgm.). In small 
doses the a-furfuryl compound usually evidenced slightly greater depressor 
activity than its phenyl analogue as illustrated in figure 2 where it is shown 
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0.085 mgm. a-F per kgm. (fig. 2, A) produced a fall of blood pressure in an 
etherized cat ■which is comparable with that caused by 0.15 mgm. of a-B 
per kgm. (fig. 2, B). We have observed, as did Hunt and Renshaw (12), 
that while depressor effects arc demonstrable with small doses of a-phenyl, 
large doses of this compound may produce pressor effects. After atropine, 
the intensity of a-phenyl pressor action was found to be much greater than 
that of its furfuryl analogue as illustrated in figure 2 where it is shown that 
2.0 mgm. of a-F per kgm, (fig. 2, C) in a decapitated, atropinized cat caused 
little if any change in blood pressure whereas in the same animal 2.0 mgm. of 
a-B per kgm. (fig. 2, D) produced a marked rise of blood pressure. A slight 
pressor response was obtained in this animal with a dose of 12.0 mgm. of 
a-F per kgm. (fig. 2, E) ' The intensity of depressor action, as well os pressor 
action after atropine, of the a-furfuryl and a-phenyl compounds was leas 
than that of their parent homologucs. 

Discussion. While similarities in physiological action have been reported 
for certain benzene and furane analogues, indications of notable differences 
also have been obtained. For example, in anesthetized dogs Alles and Feigen 
(6) found furyl- and phenylisopropylamine both produced a rise of blood 
pressure but observed that the furyl compound exhibited less activity and 
also manifested an initial depressor effect which was diminished by atropmo. 
When studied with respect to its action upon isolated intestine these authors 
state the tendency of the furyl derivative toward a parasympathetic type of 
• effect, relative to that of its phenyl analogue, was very noticeable. In the 
present studies furfuryl- and benzyl-trimethyl ammonium iodides w’ere found 
to produce certain physiological effects which qualitatively were indistinguish- 
able but quantitatively several outstanding differences were evident. Both 
compounds manifest a parasympathetic type of effect as showm by the fact 
that their bronchial, intestinal, salivary and depressor action was prevented 
or overcome b}' atropine, but a predilection toward this type of action appears 
to exist in the case of the furfuryl derivative since it exhibited 6 to 8 times 
the activity of its benzene analogue. The qualitative similarity in action 
between the furfuryl and benzyl compounds also is indicated by the fact that 
both produced a rise of blood pressure in atropinized cats but the reversal in 
quantitative relationship between the two compounds for this tjT)e of action 
suggests a more pronounced tendency on the part of the benzyl derivative to 
evoke a pressor type of response. 

Insofar as circulatory effects in anesthetized animals are concerned a- 
furfuryl ethyl- and a-phenyl ethyl- trimethyl ammonium iodides exhibited 
similarities and differences approximating those of their parent homologues. 
The a-furfurj’l and a-phenyl compounds both caused depressor effects in small 
doses before atropine, and pressor effects in large doses after atropine. The 
a-furfurj’l derivative, however, manifested slightly greater depressor activity 
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than its benzene analogue whereas the latter evidenced a much more pro- 
noimced tendency to induce pressor effects. 

SUMMARY 

1 . In the present studies furfuryl- and benzyl-trimethyl ammonium iodides 
exhibited qualitatively indistinguishable but quantitatively different physio- 
logical effects. A parasj^mpathetic type of effect was demonstrated for both 
compounds but the furfuryl derivative was found to be 6 to 8 times more 
active than its benzyl analogue. Both derivatives produced a rise of blood 
pressure in atropinized cats but in this case the benzyl compound ivas 6 to 
8 times more active than the furfuryl derivative. 

2. In anesthetized dogs and cats a-furfuryl ethyl trimethyl ammonium 
iodide evidenced a slightly greater depressor potency than a-phenyl ethyl 
trimethyl ammonium iodide whereas the latter exhibited greater pressor 
activity after atropine than its furfuryl analogue. 

3. The intensity oi depressor action, as well as pressor action, after atropine, 
of a-furfuryl ethyl- and a-phenjdethyl trimethyl ammonium iodides was found 
to be less than that of their parent homologues. 
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It is generally accepted that the conjugation of sulfanilamide takes place 
in the liver. Stewart et al. (1) found that the removal of the liver and gastro- 
intestinal tract in the rabbit prevented the conjugation of sulfanilamide. 
Van Winkle and Cutting (2) confirmed these findings in the rabbit and they 
showed that in the cat the removal of the liver and spleen prevented the 
formation of conjugated sulfanilamide. Harris and Klein (3, 4) have showm 
that sliced rabbit liver was able to transform sulfanilamide into the acetyl 
derivative, while muscle, spleen, kidney, and blood failed to do so. 

During the course of chemotherapeutic experiments our attention was 
called to the fact that the distribution of conjugated sulfanilamide was not 
uniform in all the tissues of chicks infected \rith fowl-pox virus. While the 
ratio between free and total sulfanilamide was approximately the same in the 
muscle, normal skin and blood, the amount of conjugated sulfanilamide was 
significantly higher in the fowl-pox lesion. It was the object of the present 
study to ascertain whether the epithelioma induced by fowl-pox virus in the 
chicken has the capacity to conjugate sulfanilamide in vitro. 

MATEniAi. AND METHODS. Chicks, 2 to 4 weeks old, were inoculated with an emulsion 
of chorio-allantoic membranes, containing fowl-pox virus. The site of the inoculation 
was the dorsal aspect of the head. The feathers were removed previous to the inocula- 
tion. From 7 to 16 days following the inoculation, after confluent lesions appeared on 
the skin, the chicks were killed and the fowl-po.x lesion and the liver were removed 
immediately. In some experiments pieces of normal skin were removed also. The 
tissues thus removed were sliced with a hand razor. The thickness of the sections was 
approximately 0 6 mm The slices were placed in Erlenmeyer flasks, which contained 
10 or preferably 5 cc. of Ringer-phosphate (6), Ringer-bicarbonate (6) or Ringer solution 
with sodium acetate buffer. Dextrose was added in the concentration of 200 mgm. per 
100 oc. and sulfanilamide in the concentration of 20 mgm. per 100 cc. 

The flasks were placed in a constant temperature water bath at 39®C., and were 
shaken by a Warburg shaking apparatus for 5 hours.- After this period the fluid of each 
flask was analyzed for free and total sulfanilamide according to the Bratton-Marshall 
method (7). A photoelectric colorimeter was employed in these determinations. The 
conjugating capacity of the slices was recorded in milligrams of sulfanilamide converted 

• This work was aided by a grant from the Mallinckrodt Chemical Works. 
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into the conjugated drug by 1 mgm. of tissue (dry weight) in 5 hours. The dry weight 
of the tissue slices was in the range of 40 to 230 mgm. 

The flasks were aerated in the experiments in which Ringer-phosphate or Ringer- 
acetate were employed. A gas mixture of 95 per cen^, oxygen and 5 per cent COj was 
used in the series in which Ringer-bicarbonate was employed. 

Results. The results of our in vitro experiments are presented in the 
table. It can be easily seen that there is a significant difference between the 
conjugating capacity of the fowl-pox lesion and that of the normal skin. In 
the 4 cases in which the normal skin seemed to conjugate sulfanilamide, the 
difference between free and total sulfanilamide was less than 5 per cent of the 
total sulfanilamide, a difference which can hardly be considered significant. 
The conjugating capacity of the slices varied greatly. The mean values of 
conjugated sulfanilamide for fowl-pox slices and for liver slices did not differ 
significantly. 

Crabtree (6) estimates that the growth tissue in the fowl-pox lesion repre- 
sents only SO per cent of the total weight, the rest being made up by fat and 
other normal components of the skin. If we assume that the growth tissue 
in the fowl-pox lesion represents a smaller percentage of the total weight than 
the percentage of active tissue in the liver, then the conjugating capacity of 
the fowl-pox lesion should be considerably greater than that of the liver per 
unit of active tissue. 

The amounts of conjugated sulfanilamide produced by the chicken liver 
are essentially the same as those found by IClein and Harris (4) in rabbit 
liver. The variability of the conjugating capacity in animals of the same 
species has also been pointed out by the same investigators. 

Discussion. Our experiments indicate that the fowl-pox lesion has the 
ability to conjugate sulfanilamide in vitro. The exact nature of this conjugat- 
ing capacity is not clear. Our attempts to extract an enzyme gave negative 
results, and tissue pulp made out of fowl-pox lesions failed to conjugate 
sulfanilamide when submerged in a solution of the drug and maintained at 
39°C. for 24 hours. 

IQein and Harris (4) have shown that the in vitro acetylation of sulfanila- 
mide is limited by the ability of the tissue to form acetate. Conjugation 
could be increased by the addition of acetate or other substances, which 
may be transformed into acetate, for example, pyruvate or aceto-acetate. 
On the basis of these facts it is reasonable to assume that the ability to con- 
jugate sulfanilamide, possessed by the fowl-pox lesion, is a result— at le^t in 
parf^f the ability of the tissue to produce acetate. Since normal chicken 
skin does not conjugate sulfanilamide significantly, the appearance of the 
conjugating capacity in the lesion may represent an expression of the altered 
metabolism associated with the active proliferation of the epithelium. 

Crabtree (6) reported that the fowl-pox lesion belongs to that group of 
tissues which possesses both anaerobic and aerobic glucose-splitting power. 
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TABLE 1 


CmCZ NDUBCB 

MCTABOUC BOLtrnON 

UO. or aCLFAKILAMIDB C0NJU0AT2D PEB 1 MO. DBT TIBSOE 

Fowl-pos leeion 

Uvtr 

KormBi eVia 

1 

Ringer-acetate ■ 

0.0035 

0.0030 

0 

2 


0.0034 

0 

0 

3 


0.0004 

0.0030 

0 

4 


0 

0.0017 

0 

6 


0.0010 

0.0015 

0.0003 

6 


0.002G 

0.0012 

0 

7 


0.0020 

0 

0 

8 


0.0025 

O.OOIS 

0 

9 


0.0037 

0.0017 

0 ■ 

10 


0.0014 

0.0021 

0.0003 

11 


0.0016 

0 

0.0007 

12 


0.0006 

0.0006 

0 

13 


0.0016 

0.0020 

0 

14 


0.0019 

0.0002 

0.0013 

15 


0 

0.0028 


16 


0.0008 

0.0002 


17 


0.0006 

0.0018 


18 


0.0012 

' 0.0002 



Mean value 

o.oois 

O.OOIS 

O.OOOIS 

19 1 

Ringer-phosphate 

0.0010 

0.0017 


20 


0.0001 

0.0033 


21 


0.0023 

0.0025 j 


22 


0.0050 

0.0005 1 


23 


0.0009 

O.OOOS 


24 


0.0010 

0.0014 


25 


0.0024 

0.0015 


26 


0.0028 

0 0016 


27 


0 

0.0022 


28 


0.0015 

0 0008 



Mean value 

0.0017 

0.0016 


29 

Ringer-bicarbonate 

0.0022 

0.0021 


30 


0.0014 

0.0011 


31 


0.0007 

0.0012 


32 


0.0009 

0.0015 


33 


0.0010 

0.0018 


34 


0 

0.0014 


35 


0 

0.0016 


36 


0.0010 

0.0019 


37 


0.0008 

0 0014 


38 


0.0020 

0.0007 


39 


0 0013 

0.0013 


40 


0.0017 

0.0019 



Mean toiue 

0.0011 

O.OOIS 
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Since this glucose splitting means formation of lactic acid, a probable precur- 
sor of pyruvic and acetic acid, it is not unUkely that there is a certain re- 
lationship between the carbohydrate metabolism of the fowl-pox lesion, as 
reported by Crabtree, and the conjugating capacity of this tissue. The 
conjugating capacity may be worth considering in connection with other 
pathological growths and malignant tumors. 

SUMMAHT 

Fowl-pox lesion is able to conjugate sulfanilamide in vitro. The relation- 
ship between this conjugating capacity and the glucose-splitting power of the 
fowl-pox lesion is discussed. 
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Increased attention has recently been directed towards a group of bacterial 
chemotherapeutic agents derived from soil microorga ni s m s. These substances 
have been shown to possess marked bacteriostatic and bactericidal properties 
against gram-positive and in some instances against gram-negative micro- 
organisms (1, 2, 3, 4). The available reports, dealing primarily with the isola- 
tion, chemical properties and antibacterial efficacy of these agents, show that the 
activity of the crude preparation (tyrothricin) is due to two substances desig- 
nated as gramicidin and tyrocidine. Further investigation indicated that 
tyrothricin contains approximately 85 per cent tyrocidine and 15 per cent 
gramicidin, the latter showing the greatest activity in vivo. Little however has 
been published regarding the p^nnacological or toxicological properties of 
these substances, Imowledge of which becomes increasingly desirable in view 
of the steadily mounting number of clinical investigations. 

The present communication is concerned with an investigation of the acute 
and cumulative toxicity and certain pharmacological properties of gramicidin, 
tyrocidine and tyrothricin. Since most of the clinical studies are being con- 
ducted with tyrothricin, our studies were mainly concerned with this agent. 

TccHmqTJB. The materials used Id our experiments consisted of pure gramicidin, 
tyrocidine and a crude preparation of tyrothricin.' Since these substances have been 
shown to be stable in alcoholic solution as well as in the dry state, stock solutions were 
prepared in ethyl alcohol. For the injection into animals suspensions were made by adding 
the alcoholic stock solution to sterile saline or 1 per cent gum acacia. Since the latter 
vehicle permitted suspensions of greater homogeneity and stability it was used in the 
greater part of the experiments. Control toxicity studies with gum acacia showed it to 
be non-toxic when given intraperitoneally in doses as large as 2 6 grama per kilogram. 
Homogeneity was obtmned by means of a high speed electrical mixer as well as by thorough 
shaking by band. The reaction of alt suspensions was neutral (pH 7.4-7.6) as determined 
by a glass electrode. 

Experimental. Acute toxicity. The acute toxicity of gramicidin, tyrocidine 
and tyrothricin was determined in a series of 1200 swiss mice and 210 albino rats 

' The materials used in these experimenta were prepared by Dr. Max Tishler from cul- 
tures supplied by Dr. J. L. Stokes of the Research Laboratories of Merck and Company, Inc. 
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by peroral, intravenous and intraperitoneal administration. Doses ranging 
from 1 to 30 mgm. per kilogram Tvere given intravenously and from 2.5 to 90 
mgm. per kilogram intraperitoneally. Observations were made frequently 
during the first 10 hours and thereafter once daily for 7 additional days. Tis- 
sues of animals dying during this period were retained for histological study. 

TABLE 1 


Intravenous toxicity of gramicidin, tyrocidine and lyrolhricin for mice 



ugu./eou. 

Trr&iBra of 

lftC£ 

p 

2 

EB CENT MOBTALJ 
nUE IN DATS 

1 ^ 

TY* 

1 ^ 


0.625 

10 

0 




1.25 

10 

0 


0 


2.50 

10 

33 


40 

Gramicidin 

3.75 

10 

86 


100 


5.00 

10 

100 

100 

100 


10.00 

10 

100 

100 

100 


15.00 

10 


100 

100 


1.25 

10 

0 

0 

2 


2.50 

10 

0 

0 

10 


5.00 

10 

0 

0 

18 


10.00 

10 

0 

0 

26 

Tyrocidine 

15.00 

10 

15 

15 

45 


17.50 

10 

77 

77 

85 


20.00 

10 

95 

95 

96 


25.00 

10 

100 

100 

100 


30.00 

10 

100 

100 

100 


1.20 

10 

0 

0 

9 


2.50 

10 

10 

11 

28 

Tyrothricin 

3.75 

5.00 

10 

10 

29 

86 

38 

93 

■■ 


10.00 

10 

100 

100 



20.00 

10 

100 

100 



•Determined according to the method of Bums (6). 


In the interest of space only the results obtained in mice are presented in tables 
I and 2 since the findings in rats were essentially the same. 

None of the preparations was toxic when administered by mouth to mice or 
rats in doses as large as 1000 mgm. per kilogram. The lack of oral toxicity 
might be due to the insolubility of these agents in water. However, upon 
intraperitoneal and intravenous injection all preparations proved to be defimtely 
toric, gramicidin and tyrothricin considerably more so than tyrocidine. Fol- 
lowing intravenous administration of gramicidin, death occurred most fre- 
quently within the first 24 hours, whereas with tyrothricin and especially tyro- 
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cidine a large percentage of deaths occurred 3 to 4 days after the injection. 
Whether the much more rapid onset of toxic manifestations and death after 
intravenous injection of gramicidin suspensions is at least in part due to physical 
• factors, such as large particle size, cannot as yet be decided and is under further 
investigation. 


TABLE 2 


Intraperitoneal toxicity of gramicidin, iyrocidine and tyrothricinfor mice 



uau /kqu. 

MTWBtBOr 

lOCC 

Tta CEBT UOSTiUTT 

TlUEmBATS 



1 

2 



5.0 

10 

0 

0 

0 


10.0 

10 

0 

0 

0 


20.0 

10 

0 

2 

4 


30.0 

10 

0 

3 

11 

53 



10 

0 

10 


50.0 

10 

0 

24 

83 


60.0 

10 

17 

43 

100 


75.0 

10 

3S 

74 

100 


2.6 

10 

0 

0 

0 


5.0 

10 

0 

0 

0 


10.0 

10 

0 

0 

0 


20.0 

10 

0 

0 

0 


35.0 

10 

0 

0 

5 


40.0 

10 

10 

14 

44 


60.0 

10 

35 

39 

72 


70.0 

10 

71 

72 

96 


90.0 

10 

95 

96 

100 


10.0 

50 

0 

0 

16 


20.0 

50 

0 

0 

63 


30.0 

50 

0 

10 

89 


40.0 

50 

20 

20 

94 


50.0 




97 


60.0 

50 

60 

60 

99 


70.0 

50 

60 

80 

99 


80.0 

50 

90 

100 

lOO 


1 90.0 

50 

100 

100 

100 


Upon intraperitoneal administration tyrothricin appeared to be -the most 
toxic of the three preparations. With all preparations both the intravenous 
and intraperitoneal toxicity appeared coiwiderably greater when observations 
were extended over a 7-day period (tables 1 and 2). 

Toxic signs, consisting of restlessness followed by depression, appeared 1-2 
hours after intraperitoneal injection of lethal doses. In large doses all three 
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preparations cause a fall in body temperature, while therapeutic doses have no 
such effect. In rats nonlethal doses frequently produce an anorexia with 
gradual loss of weight and muscular tone. In both species death appeared to 
be due to respiratory failure since the heart continued to beat for a considerable 
time after respiration had ceased. 

Cumulative toxicity. The effect of repeated daily administration of gramicidin 
and tyrothricin was determined in a series of 10 dogs. For these studies the 
preparations were suspended in 5 per cent glucose and administered intrave- 
nously in doses of 2 and 4 mgm. per kilogram. Body temperature, heart and 
respiratory rate, and blood picture (red, white, differential count, hemoglobin 
and hematocrit) were observed at frequent intervals. The blood samples for 
analysis were taken prior to the injection of the suspensions. 

Daily doses of 2 mgm. of gramicidin or tyrothricin per kilogram caused death 
in most dogs within 2-8 days. Gramicidin appeared somewhat more toxic than 
tyrothricin since most deaths following gramicidin administration took place 
after 2-3 injections whereas 5-6 injections of tyrothricin were tolerated. All 
dogs developed anorexia and lost weight; the latter effect became more pro- 
nounced as the experiment progressed. During and shortly following each in- 
jection most dogs secreted excessive amounts of saliva and showed a sh'ght 
rise in body temperature. Shortly before death the body temperature de- 
creased. No significant change in heart or respiratory rate took place until 
shortly before death, at which time the heart rate became slow and the respira- 
tion shallow. 

Daily blood examinations showed that all dogs receiving 2-4 mgm, of ty- 
rothricin per kilogram developed marked leucocytosis. Dogs which tolerated 
more than 10 consecutive doses of the drug became anemic, the erythrocyte 
count ranging from 2.0G X 10® to 3.95 X 10® cells per c.mm. One dog with 
marked leucocytosis and anemia returned to normal after a period of 2 months 
during which time no drug had been given. This might indicate that the 
anemia caused by daily injections of tyrothricin is related to the hemolytic 
properties, which it can display in vitro (5). 

Gramicidin had no apparent effect upon the blood picture during the short 
period which the animal survived. However, equivalent doses of gramicidin 
might have a similar effect as tyrothricin if the animal could tolerate a larger 
number of consecutive doses. 

Pathology.- “Upon autopsj'^ there were generalized congestion with degen- 
erative changes in all organs, fatty liver, and an occasional enlargement of the 
spleen. Ascites was found in most cases. Upon microscopic examination the 
follo-wing changes were found: The congestion in the spleen was most pro- 
nounced. If the spleen did not have an open circulation this might have readily 
been interpreted as hemorrhage into the organ. At times the congestion 

» We are indebted to Dr. William Antopol of the Newark Beth Israel Hospital for the 
pathological findings. 
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appeared to be most pronounced m the perifollicular zone, but this was not a 
constant Hnding. The cells in the pulp were very Jew in those areas in which 
the cytoplasmic reticulum was present — it appealed to be undergoing severe 
degenerative changes and necrosis with karj'orrhcxis.” 

Effects on tsolakd organs. The effect of gramicidin, tyrocidine and tyrothricin 
was investigated in the isolated rabbit’s intestine and the isolated frog heart. 
The pH of all solutions was between 7.4-7-G. Locke’s solution was used for the 
experiments on isolated intestine and Ringer’s solution for the Straub heart. 

In the isolated rabbit’s intestine Ij^rocidinc in doses of C.4 mgm. per 100 cc. 
of Locke’s solution produced a marked contraction whereas similar doses of 





Fig 1. Action or Gramicidin and TxRoaDiNC on Isolated Rabbit Intestine 
'■■ ■ - ■ ■ “ 'r 2. 32 micrograms Tyrocidine 


gramicidin had no effect. This action was reversible since upon removal of the 
tyrocidine the intestine returned to normal wthin 15 minutes (fig. 1). 

AVhen tested in the isolated (Straub) frog heart, tyrocidine proved again to 
be the most active of the 3 preparations. The addition of 32 micrograms of 
tyrocidine .suspended in frog ringer decreased both the rate and amplitude of 
the ventricular beat, and the heart finally stopped midway between systole and 
diastole (fig. 2) . A similar effect was produced with a dose of 204 raicrograms 
of gramicidin. 

Blood pressure and respiration. The action of gramicidin, tyrocidine and 
tyrothricin upon the blood pressure and respiration \vas determined in cats and 
rabbits anesthetized vith urethane; the usual methods of manometric recording 
and cannulation of the carotid artery were employed. Injections of the above 
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agents suspended in saline were made into the jugular vein and the blood pres- 
sure, respiratory rate and respiratory volume were recorded. All injection.s 
were made slowly, averaging approximately one cc. per minute. In most 
animals gramicidin, tyrocidine and 15^011111010 produced a marked fall in blood 
pressure after the second or third consecutive injection of 1 mgm. per kilogram 
or more (fig. 3), while single injections, even of large amounts, frequently had 
no such effect. Some cats tolerated large doses before a drop in blood pressure 
was observed. In small doses t5'rocidine depressed the respiration somewhat 
whereas comparable doses of gramicidin did not. With lethal doses of tyrocidine 
the respiration became irregular and stopped shortly before, or simultaneously 
with, the terminal fall of blood pressure and standstill of the heart. 

Local effects on shin and mitcous membranes. The clinical application of gra- 
micidin and t5'rothricin to mucous membranes led us to study their possible 
irritating properties on such tissues. This was done bj^ instilling saline suspen- 
sions of both preparations into the conjunctival sacs of albino rabbits or b}' 
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Fig. 2. Effect of Giiamicidin a.nd Tybocidine (Gbaminic Acid) on the Isolated Fbog 

Heart 

injecting O.l cc. .subcutaneously or intradcrmally into the shaved abdomen of 
guinea pigs. No evidence of irritation was observed if concentrations of 500 
microgram.s per cc. of saline were applied to the cornea for 120 minutes. How- 
ever, when the diy material was dusted into the eye sac there was marked irrita- 
tion, characterized by edema and inflammation of the conjunctiva followed by 
a cloudiness of the cornea. These signs were still present 24 hours after installa- 
tion. Application of an inert powder (barium sulfate) in a similar manner did 
not produce such an effect. The subcutaneous or intradermal injections pro- 
duced local nodules which remained unabsorbed over a period of 5-6 weeks. 

Discussion. The foregoing data indicate that gramicidin and tyrothricin 
are more toxic than tyrocidine when injected intravenously and intrapcritoneally 
in mice and rats, whereas none of the preparations is toxic upon single or repeated 
administration by mouth. The impossibility of preparing true aqueous solu- 
tions in these studies is a definite disadvantage and makes the interpretation of 
of data difficult. This is particularly true in experiments, in which intravenous 
administration is employed, for then physical factors such as particle size may 
influence the results. 
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The physical properties of gramicidin and tyrockline limit their application to 
infections in which local therapy can be employed. In this connection the 
absence of irritating properties even of fairly concentrated suspensions of these 
agents is a definite advantage over other antiseptics and may extend the scope 
of their application. Although the toxicity of gramicidin and tyrothricin is 
considciably greater than that of most agents of the sulfanilamide group, the 



Fio 3. ErrccT of Tyrocidine (Gramimc Acid) upon Blood Pressure, Respiratio.v and 
Leo Volume in a Male Cat 4.0 Kcm. BoonvEicuT 

extraordinary bacteriostatic activity of these compounds would seem to afford 
a large margin of safety. 

Pharmacologically and toxicologically these compounds have no pronounced 
specific properties. They lower the arterial blood pressure, possibly because of 
pciiphcral vasodilatation, and depress the re.spiration. Death in acute experi- 
ments is probably due to icspiratory failure, since the heart action continues for 
some time after tlic rcspiiation ha.s stopped. Repeated administration of toxic 
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doses causes degeneratii^e changes in almost all internal organs and marked 
changes in the blood picture. 

In view of the insolubility of these agents it is not unlikely that the effects 
observed are not caused b 5 ' a specific pharmacodynamic action, but rather are 
due to non-specific physical or physico-chemical properties. It is therefore 
doubtful whether the to.xicological results reported in this paper have a direct 
bearing on the clinical use of these compounds, except that application to deep 
lacerated wounds might approach the experimental conditions present in intra- 
venous injection. Caution might therefore be in order whenei'er rapid and 
direct absorption of these agents into the bloodstream is likely to occur. 

SUMMARY 

1. The acute, peroral, intraperitoneal and intravenous to.xicity of t 3 ’rothricin, 
gramicidin and tjuocidine was determined in mice and rats. None of the 
compounds was toxic when given bj' mouth. Upon parenteral administration 
all proved definitelj' toxic, gramicidin and tjuothricin considerably more so 
than tyrocidine. 

2. Daily parenteral administration of 2 mgm. of gramicidin or tyrothricin 
per kilogram to dogs caused death within 2-8 days. During this period the 
dogs lost their appetite and weight and secreted excessive amounts of saliva. 
Their red blood counts dropped in some cases from 6,000,000 to 3,500,000 
per c.mm. 

3. In isolated organs as well as in situ, tj'rocidine produced greater pharmaco- 
logical changes than tyrothricin or gramicidin, possibly due to its greater solu- 
bility in w'ater. 

4. None of the drugs has a pronounced specific effect on the respirator.v or 
circulatory S 3 'stem. Large single doses are usuall 3 ’ tolerated without an 3 " 
marked effect, w'hile repeated administrations even of small doses cause a fall 
of blood pressure and impairment of respiration. With lethal doses the respira- 
tion stops shortly before the heart. 

5. Concentrations of gramicidin suspensions up to 0.5 per cent are not irri- 
tating upon instillation into the conjunctival sacs of rabbits. However, appli- 
cation of the dried material produces marked conjunctival irritation and a 
long-persisting opaqueness of the cornea. IWien injected subcutaneous^' or 
intradcrmally the preparations remain unabsorbed for a long period of time. 
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Previous investigators (1, 2, 3) have found that intravenous injection of 
the tinctures of strophanthus or digitalis, or the proprietary digifoline (Ciba), 
brings about an increase in portal venous pressure in dogs anesthetized with 
morphine and ether. Portal pressure elevation has also been reported (4) 
following very large doses of digitalis in animals under barbiturate anesthesia. 
Evidence has been presented which indicates that the observed rise in portal 
pressure is due to obstruction to venous blood flow through and from the 
liver, which has been called the hepatic slwce mechanism. It has been pro- 
posed (3) that the therapeutic action of di^talis depends primarily upon its 
effect upon the hepatic sluice mechanism. 

There are reasons for doubting that the latter suggestion is correct, an 
important consideration being that the hepatic enlargement and ascites in 
cardiac decompensation in man arc not increased by digitalis, as they would 
presumably be if digitalis produced an increase in portal pressure. Rather 
it is known that the reverse processes occur. Furthermore it is known (5) 
that in cardiac decompensation in man intravenous injection of suitable 
doses of pure digitalis glycosides increases cardiac output by from 25 to 40 
per cent within thirty minutes after administration, as measured with the 
Roentgen kymograph technique. Likewise it is known (6) that doses of 
digitalis bodies, within the therapeutic range, increase myocardial work 
capacity. 

Nevertheless a further study of the conditions under which a portal pres- 
sure rise can be obtained with digitalis seemed necessary because such an 
effect would be important even if it were solely a manifestation of toxic 
doses. Experiments were therefore designed to ascertain the minimum dose 
producing the effect. Dogs under nembutal were employed for these experi- 
ments and virtually negative results were obtained when pure glycosides 
were used. No consistent elevation of portal venous pressure was observed 
with doses in the therapeutic ranges of any crystalline glycoside used, although 
the tincture of digitalis and the partially purified material digifoline id exhibit 
an inconstant effect. Because of the difference between these findings and 

^ Aided by Technical Assistance, Project No. 65-1-71-140, Sub-Project 235 W.P.A. 

83 



8k! 


HARRY J. ROBINSON' AND HAN 


doses causes degenerative changes in almost sill 
changes in the blood picture. 

In view of the insolubility of these agents it 
observed are not caused bj^ a specific pharmaco 
due to non-specific phj'sical or pbj>'sico-chemi( 
doubtful whether the toxicological results repor 
bearing on the clinical use of these compounds, i 
lacerated wounds might approach the experimer 
venous injection. Caution might therefore be 
direct absorption of these agents into the bloodstr 


SUMMARY 

1 . The acute, peroral, intraperitoneal and inti; 

gramicidin and tyrocidine was deteiTnined ini 
compounds was toxic Avhen given by mouth. li 
all proved definitely toxic, gramicidin and tyi 
than tyrocidine. I 

2. Daily parenteral administration of 2 mgr: 

per kilogram to dogs caused death within 2-S| 
dogs lost their appetite and weight and secrell 
Their red blood counts dropped in some easf ,- 
per c.mm. I- 

3. In isolated organs as well as in situ, tyrocic - 

logical changes than tyrothricin or gramicidin,|. 
bility in water, | ' 

4. None of the drags has a pronounced spi| ; 

circulatory system. Large single doses are| : j 
marked effect, while repeated administrations ' 
of blood pressure and impairment of respiratirf 
tion stops shortly before the heart. I- 

5. Concentrations of gramicidin suspensioif 
tating upon instillation into the coniunctiva| 


STUDIES ON THE PORTAL PRESSURE EFFECTS OF DIGITALIS* 

FREDERICK P. SEDGWICK and MAURICE B. VISSCHER 
{From tht Departmtnl of Physiology, Universily of SUnnesota, Minneapolis) 
Received for publicatioo October 11, 1941 

Previous investigators (1, 2, 3) have found that intravenous injection of 
the tinctures of strophanthus or digitalis, or the proprietary digifoline (Ciba), 
brings about an increase in porta! venous pressure in dogs anesthetized wth 
morphine and ether. Portal pressure elevation has also been reported (4) 
following very large doses of digitalis in animals under barbiturate anesthesia. 
Evidence has been presented which indicates that the observed rise in portal 
pressure is due to obstruction to venous blood flow through and from the 
liver, which has been called the hepatic sluice mechanism. It has been pro- 
posed (3) that the therapeutic action of digitalis depends primarily upon its 
effect upon the hepatic sluice mechanism. 

There ore reasons for doubting that the latter suggestion is correct, an 
important consideration being that the hepatic enlargement and ascites in 
cardiac decompensation in man arc not increased by digitalis, as they would 
presumably be if digitalis produced an increase in portal pressure. Rather 
it is known that the reverse processes occur. Furthermore it is known (5) 
that in cardiac decompensation in man intravenous injection of suitable 
doses of pure di^talis glycosides increases cardiac output by from 25 to 40 
per cent within thirty minutes after administration, as measured with the 
Roentgen kymograph technique. Likewise it is known (6) that doses of 
digitalis bodies, within the therapeutic range, increase myocardial work 
capacity. 

Nevertheless a further study of the conditions under which a portal pres- 
sure rise can be obtained with digitalis seemed necessary because such an 
effect would be important even if it were solely a manifestation of toxic 
doses. Experiments were therefore designed to ascertain the minimum dose 
producing the effect. Dogs under nembutal were employed for these experi- 
ments and virtually negative results were obtained when pure glycosides 
w’ere used. No consistent elevation of portal venous pressure was observed 
with doses in the therapeutic ranges of any crystalline glycoside used, although 
the tincture of digitalis and the partially purified material digifoline did exhibit 
an inconstant effect. Because of the difference between these findings and 

* Aided by Technical Assistance, Project No. 65-1-71-140, Sub-Project 235 W.P.A. 
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those of others, we have re-investigated the problem, with particular reference 
to the anesthetic agent and the digitalis body employed. 

Metoods. Dogs were anesthetized either with nembutal (35-40 mgm. per kgm.) 
given intraperitoneally, or with morphine (30 mgm. per kgm.) subcutaneously supple- 
mented with ether inhalation. Carotid, portal and right atrial pressures were recorded 
by optical manometric methods. Glass eannulae were inserted into the splenic vein 
directed toward the portal vein, into the right atrium through the jugular vein, and into 
the carotid artery. Connections were made to Gibson glass spoon manometers, as 
described by Kubicek, Sedgwick, and Visscher (7), by means of rigid tubing, mainly 
lead, connected to glass with heavy fibre tubing. The arterial manometer system was 
filled with 4 per cent sodium citrate solution, and the venous manometer systems were 
filled with isotonic saline solution containing 0.01 per cent heparin (Hynson, IVestcott, 
and Dunning) to prevent clotting. Three-way stopcocks in the venous manometer 
systems permitted easy flushing under pressure with one to two cc. of the heparin-saline 
solution into the eannulae tips at intervals. The venous manometers were calibrated 
against water, and the arterial against mercury. Intravenous injections were made 
through a cannula in the femoral vein. Materials were injected by syringe into the 
rubber tubing of a burette system and flushed into the vein with 4 cc. of isotonic NaCl 
solution. 

Results. The effects of single and repeated injections of digitalis into 
33 dogs have been studied in tWs series of experiments. The main results are 
summarized in tables 1 and 2. Unless otherwise noted the figures given refer 
to the effects of the single initial dose of the substance under study. Changes 
in portal and right atrial pressures of less than 1.5 cm. HjO in either direction 
are recorded as zero, since fluctuations of that order occur spontaneously and 
are too small to be of appreciable hemodynamic significance. Changes in 
carotid pressure of less than 4 mm. Hg are similarly treated. 

Upon inspection of table 1 it will be seen that with the exception of one 
instance with digitoxin (Digitaline Nativelle) none of the crystalline glycosides 
employed caused an increase in portal venous pressure in doses from 8 to 40 
per cent of the lethal, when the dogs were anesthetized with nembutal. The 
arterial blood pressures were ordinarily initially about 120 mm. Hg. In most 
instances the arterial pressures were elevated by the first digitafis injection 
but the further course of the arterial pressure was variable. It was noted 
that on repeated fractional doses, 8-12 per cent of the lethal, at 10 minute 
intervals, the portal pressure tended to fall until 50 to 90 per cent of the lethal 
amount was injected, when the portal pressure ordinarily rose. The pre- 
lethal rise in portal venous pressure was the most consistent finding in the 
series of experiments imder nembutal, in confirmation of Gold and Cattell (4). 

When morphine and ether were employed for anesthesia an elevation in 
portal pressure was found with ouabain and lanatoside C, in doses which did 
not produce such an effect under nembutal. However the tension rise was 
transient. In every case in which less than 25 per cent of the lethal dose was 
injected the portal venous pressure had returned to (usually below) the pre- 
injection level with 20 minutes. 
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TABLE 1 

Pressure changes on adminislraiion of crysialline glycosides 


KUUBER 

or 

EXrtBI* 

utNn* 

OLTCOSIDE 

COSE*, 
FEB CENT 
LETSli. 

AMUIULIIC AOCKT 

rOKTAl. 

rsEasuBB 

CBANQEt 

ATKIAX. 

PBEMUSE 

CBANOE 

CAROTID 

PBESSCRE 

CBANOEt 

1 

Digitoxin 

8 

Nembutal 

em. HiO 

+3 

em. II tO 

0 

mm, Bg 

+6 

2 

l)igi toxin 

8 

Nembutal 

0 

0 

+15 

3 

Digitoxin 

80t 

Nembutal 

-3 

0 

+7 

1 

Ouabain 

8 

Nembutal 

0 

0 

+4 

1 

Ouabain 

80t 

Nembutal 

+3 

0 

+12 

2 

Ouabain 

22 

Morphine ether 

+4 

0 

+12 

2 

Ouabain 

44t 

Morphine ether 

+15 

0 

+55 

1 

Lanatoside It 

8 

Nembutal 

0 

0 

+4 

1 

Lanatoside B 

70t 

Nembutal 

0 

II 

-30 

7 

Lanatoside C 

8 

Nembutal 

0 

II 

+11 

1 

Lanatoside C 

23 

Nembutal 

0 

+2 

+11 

9 

Lanadoaide C 

40t 

Nembutal 

0 

II 

-4 

7 

Lanatoside C 

sot 

Nembutal 

+4 

II 

-25 

I 

Lanatoside C 

225 

Morphine ether 

-3 

0 

+5 

1 

Lanatoside C 

22t 

Morphine ether 

+10 

II 

+65 


* Except where otherwise indicated the dosca shown were the first Injections Into 
individual animals. 

t Mean maximal change where the number of experiments was 2 or more. 
t Fractional doses in dogs given only 1 type of glycoside. 

$ Following 22 per cent of the lethal dose of Ouabain. 

^ Following 44 per cent of the lethal dose of Ouabain. 

II Not recorded. 


TABLE 2 


Afeon pressure changes on admtmstralion of tincture of digitalis and digifoline 


KOUBEB 

EXFERI. 

UENTR 

DBOO 

D08E, 
FEB CEMT 

AtrtSTsrnc aoert 

PORTAL 

PRESaORB 

CBAMOES 

FRESACBE 

CBANOEfl 

CAROTID 

PBERSUBB 

CHANOES 





cm. //lO 

cm. HtO 

mm.Hg 

1 

Tincture 

22 

Nembutal 

0 

0 

-10 

1 

Tincture 

45 

Nembutal 

+10 

0 

+18 

2 

Tincture 

20 

Morphine-ether 

+8 

0 

+20 

6 

Digifoline 

8 

Nembutal 

+3* 

0 

+4 

7 

Digifoline 

19 

Nembutal 

+2f 

0 

+15 


• 1 dog showed change less than 1 cm. HtO. 

1 4 dogs showed changes less than 1 cm. HtO. 


Table 2 presents the observed data concerning tincture of digitalis and 
digifoline. In marked contrast to the crystalline glycosides, these materials 
produce portal pressure elevation in a majority of instances, even in dogs 
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anesthetized with nembutal. In confirmation of previous investigators we 
find the tincture of digitalis produces a marked, though transient portal 
pressure rise when 30 per cent of the lethal dose is administered under ether. 

During the course of these studies it was noted that Hynson, Westcott and 
Dunning heparin re'gularly produced a transient rise in portal pressure when 
' injected in amount (20 mgm. per kgm., 5 imits per mgm.) adequate to render 
blood incoagulable. Connaught heparin did not exhibit this property when 
comparable or larger anticoagulant doses (0.3 cc per kgm., 1000 units per cc.) 
were injected. Because the more active material (Connaught) had no portal 
pressure effect the basis of the reaction to the other commercial preparation 
was not investigated further. Heparinization with material from either 
source was not found to influence the portal pressure reaction to digitalis 
bodies. 

Discussion. The portal pressure increase which others have observed 
following digitalis body injection and ascribed to constriction of hepatic 
vessels, could exert a profoimd hemod 5 mamic effect upon the heart and 
circulation under appropriate circumstances. However, in order to permit 
the conclusion that digitalis bodies generally act therapeutically through 
constriction of the hepatic sluice mechanism it would be necessary to have 
proof: (1) That all cardio-active glycosides have such an effect in therapeutic 
doses, and (S) that the effect persists long enough to "unload” the heart 
effectively. 

The evidence presented in this paper is against both of these points. First, 
we have shown that none of four crystalline glycosides studied possesses the 
property of consistently elevating portal venous pressure in barbitalized dogs, 
under circumstances in which the tincture of digitalis and digifoline do produce 
such an effect. The barbiturates are not known to interfere with the thera- 
peutic action of digitalis glycosides. Their therapeutic effects have been 
studied under various barbiturates (6). Further, it is known (8) that the 
toxicity of digitalis bodies both for cats and dogs is greater under ether than 
under nembutal, the difference being approximately 50 per cent. It is not 
impossible that the increased sensitivity to digitalis imder ether is due to a 
greater peripheral vascular effect of digitalis bodies in toxic doses in etherized 
animals. It should be noted that the lethal dose of at least one digitalis 
. glycoside, lanatoside C, for the dog is identical under nembutal anesthesia 
and in the unanesthetized state (8). There is, therefore, some evidence that 
the barbitalized animal appro.ximates the normal unanesthetized state more 
closely with respect to digitalis action than does the etherized animal. 

As for the second point, even if for the moment one ignores the fact that 
■ under the influence of barbiturates the effect is not seen at all with ciystalline 
glycosides, one can consider the cases in which there is evidence of hepatic 
vascular constriction. Digifoline produced a rise in portal pressure with 
doses between 8 and 19 per cent of lethal, that is, in doses of therapeutic 
importance, in 8 of 13 trials. However, neither vrith digifoline or the tincture 
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under nembutal, nor with any drug under ether, was the duration of the portal 
pressure rise greater than 20 minutes when the dose injected was less than 
25 per cent of the lethal. The average duration of the rise in portal pressure 
was less than 10 minutes. Furthermore the long-time trend of portal pressure 
is a slight decrease rather than an increase imtil 50 to 90 per cent of the lethal 
amount has been injected. It is difficult to comprehend a mechanism which, 
by taking a small load off the heart for 20 minut^, would set in motion proc- 
esses which would rapidly reverse the phenoneraa of heart failure over a 
period of days thereafter. It is our opinion that the short duration of the 
rise in portal pressure renders extremely unlikely the possibility that it 
reflects an action (hepatic sluice closure) of primary importance to the thera- 
peutic action of diptalia, which is characterized by the great duration of ite 
action. It is more likely that the portal pressure effect, when it occurs, is a 
side reaction of the drug, of no importance to the main therapeutic effect 
upon the heart (6). 


CONCLUSIONS 

1. The effects of several digitalis bodies upon portal venous pressure have 
been studied in the dog in relation to type of anesthesia and dose of drug. 

2. Intravenous injection of the crystalline glycosides, digitoxin, ouabain, 
lanatoslde B and lauatoside C produced an elevation in portal venous pres- 
sure in doses from 8 to 44 per cent of lethal in only 1 instance in 23 trials, 
in barbitalized dogs. Under morphine and ether such an effect occurred in 
5 out of 6 trials. 

3. Tincture of Digitalis purpurea and digifoline (Ciba) produced portal 
pressure rises in 9 of 15 barbitalized dogs. The previously reported portal 
pressure rise in morphine-ether anesthetized dogs produced by tincture of 
di^talis has been conflrmcd. 

4. The duration of the portal venous pressure rise produced by doses of 
digitalis bodies, 25 per cent or less of the lethal dose, was never greater than 
20 minutes, imder the conditions of these experiments. 

5. It is pointed out that the facta presented concerning the elevation in 
portal venous pressure by cardiac glycosides are not consistent wth the view 
that portal stasis is an essential element In the mechanism of digitalis action. 
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^Vhen morphme is added to normal minced muscle in vitro the oxygen 
consumption is increased. Observations were made to determine whether a 
similar efifect could be obtained with muscle from chronically morphinized 
rats. The results are presented in table 1. Added morphine produces an 
absolute increase in oxygen uptake which is quantitatively similar to that 



IG. 1. Oxygen Consoiiption or Minced Skeletal Muscle of Normal Rats and 
Chronically Morphinized Rats at Various Intervals during Withdrawal 
Each unfilled circle represents Qoj on muscle Irom one animal 

which occurs in normal muscle even though the percentage increase is smaller 
due to the greater Qoj of the chronically morphinized muscle. 

In order to establish preliminarj' data which might serve as a point of 
departure for the subsequent identification of the oxidative systems involved 
during chronic morphine poisoning, the action of two commonly used in- 
hibitors, malonate and azide, has been determined. 


morphine anp muscle oxidations 


01 


The addition of 0.02 il malonntc produces about the same percentage 
inhibition of oxygen uptake of both chronically morpbinized and normal 
muscle (table 2). As a result the absolute reduction ol oxygen consumption 
is greater in chronically morphiniaed muscle since the initial rate of oxygen 
consumptvonis higher. 


TABLE 1 

Increased oxijgen milisalion oj tnirwed skeletal niusch /row normal and c?iromcaliy 
morpAtMtaed ral$ resullingfrom the odditioii of O.JS per cent morphine 



TIUE Ancn LAST 
isjxcnoH 

KCMscn or 
AKtUfcU 


meax Moariii.vc 
tmccT 

Normal 


42 

1.67 

i -h0.6S 

Chronically mor- 

1 hour 

4 

2.20 

-^0.43 

phlnlzed 

21 hours 

15 

2.27 

-hO.46 


■IS hours 

6 

3 03 . 

-1-0.30 


72 hours 

8 

3.20 

40.68 


00 hours I 

2 

2.13 

40.00 


6 days 

4 

2.M 

40.42 


12 days 

1 

1.08 

40.00 


TABLE 2 


ES^ci of malonale and azide on the oxygen eoniumptfen of minced sielefai mutde from 
normal and cAromcoHy morpAintced rat* 


xmisrroH 

coNomoH or 

AKUUXS 

*>ouiicRor 

AltruAU 

Trot AmnwBT 
jxjtcnov 

MEAN Qg, 

UZAX 

ixiiiBtnox 

ueax rzn- 

CENTAOK 

IXHIBinOM 


Normal 

5 


1.5S 

-0.79 



Chioulcally 

2 

1 hour 

2.23 

-1.24 

-55 

Sodium malon- 

morphinizcci 

5 

24 hours 

2.19 

-1.31 


ate (0.02 M) 


2 

48 hours 

3.33 

-2.24 

-66 



2 

72 hours 

3.70 

-2.23 

-CO 



2 


2.14 

-1.28 

-60 



1 

12 days 

T.as 

-1.28 

-65 


Normal 

4 


1.2C 

40.07 


Sodium aiide 







(0 01 M) 

Chronically 

C 

1 hour 

2.07 

-0.70 

-38 


morphinized 

6 

6 days 

2.26 

-0.70 

-31 


The oxygen uptake of a normal muscle mince is not altered significantly by 
the addition of 0.01 M sodium azide (table 2). On the other hand, this com- 
pound produces a 30 to 40 per cent reduction in the oxygen uptake of chronic- 
aUy morphimzed muscle so that the final values for Qo, now lie rvithin the 
range found for normal muscle. 
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A few experiments were conducted with D-140 (f-methyM-phenyl- 
piperidine carbonic acid ethyl ester),® a compound which is stated to have a 
spasmolytic action on smooth and skeletal muscle. In the concentration 
used (0.12 per cent), it reduces the oxygen uptake of both normal and chron- 
ically morphinized muscle. These results are somewhat similar to those 
obtained wth malonate. 

Barbour, Hunter and Richey (4) reported an increased hydration of the 
blood during morphine nithdrawal and state that a similar condition probably 
obtains in tissues in general. Even though such were the case it would not 
affect the significance of the results presented here since the Qo, is expressed on 
a basis of dry weight. The data presented in table 3 indicate that no sig- 
nificant change in water content of skeletal muscle occurred in these animals 
during withdrawal. 


TABLE 3 


Water content of skeletal muscle of normal and chronically morphinized rats 



Ronns OP 

WITHDBAWAl. 

KUUBEB or 
akuials 

WAXES CONTENT 


Mean 

lUo^ 

Normal rats 


42 

perceni 

76.8 

percent 

71.9-77.7 

Chronically mor- 

1 

8 

IHIRffiHII 

74.7-78.3 

phinized rats 

24 

15 


70.8-77.7 


48 

10 


73.6-76.9 


72 

10 


74.1-76.8 


96 



74.4-76.9 


144 



74.0-75.3 


12 days 





Discussion. The results presented here represent clear-cut evidence that a 
fundamental change in functional activity occurs in certain tissues during 
chronic morphine poisoning which is demonstrable even after these tissues 
have been isolated from their humoral and nervous connections. Whereas 
the full significance of this observation and its relation to addiction is not 
entirely apparent at the present time, it w'ould seem to be more than a coin- 
' cidence that a curve which represents the increase in oxidative metabolism of 
skeletal muscle of the chronically morphinized rat during withdrawal should 
parallel almost exactly in its time relationships one representing the intensity 
of the abstinence sjmdrome in the dog (5, 6), monkey (7, 8), and man (3). 

These results support in a general way a working hypothesis which we 
outlined in an earlier paper (1). It is visualized that morphine exerts a 
sustained and reasonably uniform accelerating action on oxidations in skeletal 

5 Alba Phomaceutical Company. Furmsbed through the courtesy of 0. W. Barlow. 
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muscle throughout the course of addiction, but that during maintenance this 
effect is not detected by changes in bodily functions since the depressant action 
of the drug on the brain masks this peripheral effect. The specific evidence 
which lends the greatest support for this concept is the result obtained on 
chronically morphinized muscle taken one hour after the last dose of morphine. 
Whereas it must be admitted that no final conclusion is warranted until 
these results are confirmed, since the number of animals is quite small, the 
mean Qo^ of muscle at the one-hour-period is considerably higher than that 
obtained on normal muscle. 

It is quite obvious that the curve shown here, which represents the rate of 
oxidations in skeletal muscle during withdrawal, would not parallel a curve 
which could be drawn representing the detoxication or elimination of mor- 
phine from the tissues of the same animal over an identical time period. As 
a matter of fact, a major portion of tlie drug present in the body at the time 
of withdrawal would have been eliminated by the seventy-second hour, at 
which time the rate of oxygen uptake in chronically morphinized muscle is 
still near the peak of the cur\'c. If the incmase in oxygen uptake which occurs 
when morphine is added to normal muscle in acute experiments bears any 
connection to the increase in o.>o'gcn uptake above the normal level which 
occurs uniformly in chronically morphinized muscle during withdrawal, the 
exact relationship is not clarified by the foregoing facts. Nor is it easy to 
understand why the addition of morphine in acute experiments produces the 
same absolute increase in oxygen utilization in chronically morphinized as 
in normal muscle even though the initial Qo, of morphinized muscle is nearly 
twice as great. This latter observation might suggest that in both instances 
the excess oxygen utilization was due to the oxidation of morphine itself, 
a concept which we can neither prove nor entirely disprove at this time. 
The meager evidence which is available at this time indicates that such is not 
the case. It is hard to conceive of the increased Qo, of chronically mor- 
phinized muscle as being due to the oxidation of morphine already present 
in tissues since it increases and remains high as the morphine content of the 
tissues diminishes. 

Starmard (9) has presented evidence which indicates that azide has ’ a 
definitive inhibitory action on what he terms activity metabolism, although it 
does not affect resting metabolism. If this view is correct, then the increased 
oxygen uptake of chronically morphinized muscle must be related to activity 
since a concentration of azide which is without effect on normal muscle reduces 
the oxygen utilization of chronically morphinized muscle until the final 
Qo, falls into the range obtained for normal muscle. 

Whereas an azide-sensitive system which is not active in normal resting 
muscle appears in chronically morphinized muscle, the data available indicate 
that the activity of the malonate-sensilive fraction of respiration is increased 
in proportion to the increase in total respiration. Thus malonate produces 
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a greater absolute inhibition in chronically morphinized than in normal 
muscle, yet the percentile inhibition is the same. It appears, therefore, as if 
the malonate-sensitive fraction of respiration is affected quantitatively but 
not qualitatively by ehronic morphine poisoning. 

StJMMART 

The rate of oxygen eonsumption of minced skeletal muscle from normal 
rats has been determined and compared with similar data from chronically 
morphinized rats sacrificed at 24 hour intervals during the first week of 
withdrawal. 

The mean Qo, of chronically morphinized muscle from 56 animals calculated 
without regard to time of withdrawal was Cl per cent greater than the corre- 
sponding value for 44 normal rats. The rate of oxygen consumption was 
greater than normal even one hour after the last dose of morphine and in- 
creased rapidly during the first forty-eight hours until at this period it was 
double the normal level. This high rate persisted until the 96th hour, then 
gradually subsided but remained above the normal mean at the sixth day. 
A curve representing these levels of oxygen utilization during the first week 
of withdrawal parallels almost exactly in its time relationships one representing 
the intensity of the abstinence S3'ndrome. 

The addition of morphine produced an increase in oxygen uptake which 
was the same in chronically morphinized as in normal muscle regardless of 
the existing level of metabolism. 

Azide, in a concentration which has no significant effect on normal muscle, 
abolished the increment in oxygen uptake which results from chronic mor- 
phine poisoning. 

Since malonate produced the same percentage inhibition in chronically 
morphinized as in normal muscle, irrespective of the level of oxygen con- 
sumption, it appears as if the malonate-sensitive fraction of respiration is 
affected quantitatively rather than qualitatively by chronic morphine 
poisoning. 

The authors are indebted to James K. Theisen for assistance in this study. 
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Among the antiseptics in common use, several organic aryl derivatives of 
mercury are prominent. The alkyl derivatives of mercury, on the other hand, 
have been almost completely neglected in the many published studies of anti- 
sepsis. Many of these substances are well known to chemists. That they 
would have bactericidal properties seemed highly probable. 

A careful search of the literature revealed that apparently the only published 
study of the tn vivo bactericidal action of this type of mercurial was that of Bass 
(1) who found that the skin-sterilizing power of n-propylmercuric chloride was 
greater than that of several other common antiseptics. The present paper de- 
scribes the results of a similar careful comparison of several simple alkylmercuric 
chlorides. As the n-propyl derivative is included, these results can be compared 
directly with those obtained by Bass. 

Experimental. The compounds studied were prepared in this laboratory by 
well-known methods: the methyl- and ethylmercuric halides from the cor- 
responding dialkylmercury (2) , the higher derivatives through the corresponding 
Grignard reagent (3). The products were obtained pure by two or three re- 
crystallizations from ethanol. The test solutions were prepared by dissolving 
the crystalline mercurial in 95 per cent ethanol and diluting to the desired con- 
centration. It is somewhat easier first to dissolve the substances in a small 
volume of acetone and then to dilute with alcohol and water. 

The comparisons of the skin-sterilizing powers of these substances were made 
by the in vivo “skin-graft” technique using rabbit skin as described by Bass (1). 
Special care was taken to test for bacteriostatic action. The results are sum- 
marized in table 1. 

Discussion. The data show that all solutions of 0.0036 molar concentration 
in 70 per cent ethanol produced a high percentage of sterilization. The differ- 
ences between these figures are not significant. The data for the more dilute 
solutions show that the use of 25 per cent ethanol almost eliminated the steriliza- 
tion factor due to the solvent. The fact that the per cent sterile is about the same 

* The funds for carrying out this work were Idodly given to ua by the MalUnckrodt Chem- 
cal Works. 
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for the 0.0036 molar (1 : 1000) propylmercuric chloride ia the two solvents indi- 
cates that there is a considerable overlapping of the action of the solute and the 
70 per cent ethanol. That the higher concentration of the solute should be 
more effective was to be expected; experimentally, it has been shoiTO by Smith, 
Czametzky and Mudd (4) that the effectiveness of various mercurials against 
microorganisms is directly proportional to the amounts of mercury present rela- 
tive to the numbers of the bacteria and/or the amounts of protein. Since in our 
e.xperiments the several alkylmercuric chlorides were made up in equimolar solu- 


TABLE 1 


AI.CTL-MERCURrc 

M.P., COH« 

1 

SOLVENT 1 

(etha- 

j 

concen- j 

TRAHON ' 
(MOI.AR) 

numqer 

medicated 
skin sNirs 

STANDARD OJ* 
COMPARISON* 


CHLOniDE 

BECTED 

NOL- 

wateb) 

L. 

RABBITS 

TolaJ , 
number 

1 Per 
[ cent 
sterile 

1 Total 
number 

( Per 
cent 1 
Bterilo j 

ENCEt 

Methyl- 

m 

percent 

25 

0.0018 

5 


31.6 

1 

60 

n 

30.0 

Ethyl- 


25 

0.0018 

5 


33.0 

60 

wm 

31.4 

n-Propyl 

144-5 

25 

0.0018 

4 


41.7 

48 

0.0 

41.7 

n -Propyl- 

1 

25 

0.0036 


84 

84.6 

84 

1.2 

83.3 

Methyl 


70 

0.0036 


72 

91.7 

72 

50.0 

41.7 

Ethyl- ' 


70 

0.0036 


72 

83.3 

72 

47.2 

36.1 

n -Propyl- 


70 

0.0036 


1 48 

81.3 

48 

27.1 

54.2 

n-Butyi- 

12S-9 

70 

0.0036 


1 48 

93.7 

48 

47.9 

45.8 

n-Amyl- 

127-8 

70 

0.0036 


84 

97.6 

84 

46.4 

51.2 

n-Hoptyl- 

120-1 

70 

0.0036 

WM 

47 

87.2 

47 

34.2 

63.0 


' In each case the standard of comparison was the same as the solvent for the antiseptic. 

t The figures in the column headed "Difference” represent the per cent sterile of the 
medicated skin snips, minus the per cent sterile of the skin snips treated with the control 
solutions. 

From each rabbit three pieces of untreated skin were cultured and invariably gave good 
growths. 

All “cultures” which remained clear after 48 hours incubation were inoculated with 
from 50 to 1000 organisms obtained from an untreated skin culture. All these flasks de- 
veloped good growths. Thus bacteriostasis was negligible. 

tions, any differences in effectiveness would have been attributable to differences 
in penetrating power. 

Preliminary tests vith several other alkylmercury compounds were carried 
out. A number of the simple R-Hg~Br derivatives showed definite bactericidal 
action, but as their solubilities were lower than those of the chlorides — and they 
seemed to offer no advantages — they were not studied further. A solution of 
0.034 per cent diethylmercury in 70 per cent ethanol was ineffective. 

In consideration of the possible clinical use of these compounds for pre-opera- 
tive skin sterilization, preliminary tests were performed with the 1 : 1000 solution 
of propylmercuric chloride. In our experience the normal unbroken human skin 
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has shown no ill effects from the several times repeated daily application of the 
solution. No effort to measure directly the antiseptic’s effectiveness on human 
skin has been made. 

Favorable results have been obtained in the treatment of several cases of 
trichophytosis. Occasionally a blister has occurred, probably due to sensitivity 
of the skin in the infected area, or to the building of a high concentration of the 
mercurial by repeating the applications as the solvent evaporated. 

SUMMARY 

The compounds R-Hg-Cl, in which R is methyl, ethyl, n-propyl, n-butyl» 
n-amyl and n-heptyl, have been tested as skin disinfectants, using the in vivo 
“skin-graft” technique on rabbit skin. The 0.0036 molar solutions in 70 per cent 
ethanol all gave a high percentage of sterile skin snips. If the 0.0036 molar 
(1:1000) solution of n-propylmercuric chloride is taken as a standard, and the 
above results thus compared with those of Bass (1), it is found that solutions of 
the simple alkylmercuric chlorides are as effective as any and more effective than 
many of the commonly used antiseptic solutions when compared by this method. 
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Treatment with sulfonamide derivatives of four vims diseases has been re- 
ported; these are trachoma (1), inclusion blennorrhea (2), a (distemper-like) 
ferret vims disease (3), and lymphogranuloma venereum or lymphopathia. 
The first observations on the experimental treatment of lymphogranuloma 
venereum vims infection were those with prontosil (4) in infections of mice and 
guinea pigs. Sulfanilamide was found to retard the development of the vims 
in mice (5). This report was later substantiated by the successful treatment 
of mice with sulfapyridine (0). McKcc, Rake, Creep and van Dyke (7) con- 
cluded that sulfapyridine and sulfathiazolc had an appreciable efTcct upon the 
vims of lymphogranuloma venereum in mice. 

That accessory growth factors arc rendered inutilizablc is one of the theories 
suggested for the mode of action of the sulfonamide compounds (8, 9). Sub- 
stances antagonistic to the action of sulfanilamide were found in bacterial 
extracts (10, 11, 12). At about the same time Woods (13) proved that para 
aminobenzoic acid had a similar inhibiting effect w'hich was believed to be due 
to interference with the metabolism of the organisms (14). Additional in- 
hibitors appearing or existing in the tissues and fluids of the body were demon- 
strated by MacLeod (15). From clinical observations on lymphogranuloma 
venereum and on blennorrhea, Stein (IG) and Thygeson (2) were of the opinion 
that the drug acted directly upon the vims. In view of these facts it seemed 
advisable to study experimentally the action of the sulfonamides on lympho- 
granuloma ^nms. 

By in vitro experiments we have attempted to determine the vimcidal or 
inhibitory effect of chemotherapeutic substances in direct contact with the 
■\'irus of lymphogranuloma venereum and to compare the efficacy of certain 
sulfonamide compounds. Findlay and MacCalium, 1938 (17), attempted simi- 
lar experiments using decreasing dilutions of the vims with constant amounts 
of sulfanilamide, without success. 

MATEiiiAii AND METHODS. Virus: A strain of the virus of lymphogranuloma venereum, 
B307, was obtained through the kindnessof Dr.S. A.tVykofI, from the Lederle Laboratories, 
Inc. This was inoculated in successive passages intracercbrally until the strain was con- 
sistently pathogenic. The animals shonxd marked loss of weight, rufllod hair, humped 
back, conjunctivitis and paralysis', death resulted in five to ten days deponing on Ibe 
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amount of virus injected. In order to determine the most appropriate dilution for our 
experiments, 0.03 cc. of dilutions 1:20, 1:200 and 1:500 were inoculated intracerebrally in 
mice. After these virus dilutions had been in the refrigerator over night, other groups of 
mice were inoculated. Mice receiving 1:20 dilutions of the infected mouse brain showed 
symptoms within three.to four days, death occurring within five days; there was no ap- 
parent change in virulence of the virus upon standing for 24 hours at ice box temperature. 
The mice inoculated adth the dilution 1:200 showed acute symptoms within 3 to 5 days, 
death occurring within 7 days. There was a slight decrease in virulence after standing for 
24 hours at ice box temperature. With the dilution of the virus 1 :500 the incubation period 
and the severity of the symptoms varied. Our regular passage mice were subsequently 
inoculated with dilution 1:20. After tour or five days, when definite symptoms appeared, 
they were killed and a dilution of 1:200 brain emulsion was used for the experiment, Eou- 
tine cultures were made to detect bacterial contamination. 

Periodically, Frei antigens (18) were made from brain emulsions of mice showing acute 
symptoms. These antigens were tested on patients in parallel with antigen made from the 
brain of normal mice and a Frei antigen obtained from the Lederle Laboratories, Inc. Our 
virus antigen and the Lederle antigen gave parallel positive tests. The normal mouse brain 
antigen was negative. 

Mice: White mice, obtained from the Carworth Farms, Inc., 16-17 grams in weight, were 
used for the experiments. To guard against a latent virus such as that of Theiler (19) and 
Traub (20), in our stock mice, the following safeguards were employed. At various inter- 
vals 0,03 cc. of a mouse brain emulsion of a normal mouse was inoculated intracerebrally 
into three mice. Passages were made from these mice on the seventh day and carried for 
four passages. At no time was there any evidence of virus disease; the passage mice re- 
mained normal. 

Sulfonamides: The drugs employed were sodium sulfanilyl sulfanylate, sulfaguanidine, 
sulfathiazoie and sulfadiazine. 

Method: To determine changes in the incubation period, the duration of symptoms and 
the percentage survival, mice were inoculated with virus exposed to the drugs for different 
periods. Control mice were inoculated with untreated virus. Solutions of 100, 150, and 
200 mgm, in 100 cc, of hot distilled water were made of each drug. Sulfadiazine, the least 
soluble, was tested out only in 100 mgm. to 100 cc. of hot distilled water.' After cooling to 
room temperature, 2 cc. of each of these solutions was placed in sterile test tubes. To each 
was added 0.1 cc. of 1:10 dilution of an infected mouse brain emulsion, giving a 1:200 dilu- 
tion of the virus. The mixtures were shaken and placed in the incubator at 37°C. for one 
hour, then kept at room temperature for one hour. Following this two hour period, 0.03 cc. 
was inoculated intracerebrally into 6 to 10 mice. The remainder of the mixtures were kept 
in the refrigerator for twenty-four hours. Thus the inoculation periods were 2, 6 and 24 
hours of virus and drug contact. 

Control mice were inoculated with the same dilutions of virus in distilled water, in- 
cubated and kept under the same conditions and inoculated at the same time, A control 
group of mice was inoculated with the drug dilutions without virus. The mice were ob- 
served for a month. 

In all experiments the technic provided for the comparison of the four drugs in the same 
experiment, on the same day, using the same virus passage for the dilutions so that there 
was no variation in virulence, incubation period or temperature. At various intervals, 
dead mice were autopsied. Passages of the brain emulsion into other mice were made to 

' After cooling to room temperature the concentration, ns measured by the Marshall 
method, was 200 mg. % for sodium sulfanilyl sulfanilato, 190 mg. % for sulfathiazoie, 135 
mg. % for sulfaguanidine and 30 mg. % for sulfadiazine. At the end of 24 hours at ice box 
temperature, crj'stals of the drugs precipitated out and the concentrations were 200 mg. % 
for the sodium sulfanilyl sulfanilato, 65 mg. % for sulfathiazoie, 60 mg. % for sulfagunni- 
dine and 9.7 mg. % for sulfadiazine. 


determine whether vinie of lymphogranuloma venereum was present and was the only 
cause of death. • - 

ExpJsmmENTS. Sodium sulfanilpl su^anilaU: Six experiments were per- 
formed vdth this drug. Table 1 shows that the incubation period is somewhat 
longer in the mice inoculated vnth the drug-treated virus than in the control 
mice. A wider range is observed in a comparison of the average duration of 
illness, which was more than doubled after the two hour contact period and 
more than tripled after 24 hours of contact. These observations indicate that 
the virulence of the virus was attenuated by the drug. The 25 per cent survival 
of the drug-treated mice with no survivals in the controls supports the view that 
the virus wus definitely attenuated but not completely destroyed because all the 
experimental mice showed acute symptoms of the disease with slight ameliora- 

TABLE 1 


S, 6 and £4 hours. Sodium sulfanilyl sul/onilate-txposed virus* 


COMTACT TIUB 

KtTVBtR or UCC 1 

ATBRAOK DATS 
IMCnSATlOH 

ATBIUaE 9AT1 
SVBUATlOMOr ' 
Bturrovs ! 

TBSCZKTAOa or 
SOBVITALB 

Ezperiment&t 

Co&tn>t 

h»Ufl 







49 


6 

7 

25 

2 


20 

4 

3 

0 


41 


7 

8 

20 

6 


19 

5 

3 

14 


45 


0 

10 

49 

24 


16 

7 

3 

18 


* The incubation period was from the day of inoculation to the day symptoms of disease 
appeared. The duration of symptoms is from the day of appearance of symptoms to either 
death or recovery. 


tion in those that survived during the observation period of 30 days. The 
symptoms did not entirely disappear. 

Sulfaguanidinc: Five experiments were -performed with this drug. The ef- 
fect of sulfaguanidine is very similar to that of sodium sulfanilyl sulfanylate. 
A similar increase is observed in the incubation period and the average duration 
of illness of the drug-treated virus mice W’hcn compared with the control mice. 

Suljaihiazole: Five experiments were made with sulfathiazole. There is a 
definite increase in the average duration of illness and in the percentage survival, 
43 per cent (table 3). The recovered mice show'ed symptoms of the disease with 
gradual amelioration. 

Sulfadiazine: Four experiments were performed with sulfadiazine. Attenu- 
ation of the virus was observed .here also. There was an increased incubation 
period and the ■' ■* ■ ■ '■ '■ ■ Irug-treated virus 

w’as lengthened slight, ultimately 

disappearing// : : . . *. . ‘contact and very 






102 


E. C. HOLDER, S. LEVINE AND J. G. M. BULLOWA 


slightly more with longer contact. None of the control mice, inoculated with 
the dnig solutions without virus, showed any untoward effects from the drugs; 
they remained normal and gained weight. 

Discussion. The effect of the drugs upon the virus is shown by the pro- 
longation of the average incubation and duration of symptoms of mice inocu- 
lated with virus exposed to the drugs for various periods as compared with 
the control mice. Tables 1, 2, 3 and 4 show that following the 2-hour contact 
period, the incubation period for the control mice was 4 days as compared 

TABLE 2 . 


2, 6 and 24 hours. Sulfaguanidine-exposcd virus 


COKTACrTtMC j 

jyCMBER 

Experimental 

; or MICE 

1 

Control 

AVERAOE DAYS 
INCUBATION 

AVERAGE DATS 
DDRATIOK or 
BYilPTOMa 

PERCENTAGE Of 
SURVIVAtfl 

hours 


1 





32 


5 

5 

15 

2 


16 

4 

3 

0 


30 

1 

1 

6 

6 

20 

'6 


1 16 

3 

3 

1 18 


23 


8 

11 

43 

24 j 


18 

6 

3 

25 


TABLE 3 

2, 6 and 24 hours. Sulfaihiazole-exposcd virus 


1 

CONTACT TIME 

NUMBER 

Experimental 

or MICE 

Control 

AVERAOE PAYS 
INCUBATION 

AVERAOE DATS 
DURATION OP 
BIIIPTOMS , 

PERCENTAGE OF 
SURVIVALS 

hours 







28 


7 

10 

43 

2 


16 
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4 

0 


30 
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14 

63 

6 


16 

3 

1 3 

1 

18 


23 


10 

12 

68 

24 


12 

6 

4 

25 


with 5 to 8 days for the drug treated mice. Similarly, it is found that follow- 
ing a G-hour period the average incubation for the control mice was 4 days 
while that of the dnig treated mice was G to 10 days. Following a 24 hour 
period, the average incubation for the control mice increased to 7 days, that 
for the mice inoculated with the drug treated vims was 8 to 12 da 3 's. The 
increase in the incubation period following a 24 hour contact is partly due to 
the slight lo.ss in vimlcnce of the vims, evidenced bj’ the increase in the incu- 
bation time for the control mice. Animals inoculated with vims treated with 
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sulfaguanidine or sodium sulfanilyl sulfanUatc only showed marked prolonga- 
tion of acute symptoms A\itliin 24 hour contact of the virus vith these drugs 
(see tables 1 and 2). The average duration of symptoms in the control mice 
was 3 days; the corresponding figure for the other mice was 10 to 11 days. 
Animals inoculated with the virus treated with sulfathiazole and sulfadiazine 
showed, in most cases, slight symptoms which were markedly prolonged after 


TABLE 4 



2 HOURS 6 HOURS 24 HOURS 

Graph 1 


the 2 hour contact (tables 3 and 4). "While the average duration of the control 
mice was 4 days, that of the other mice was prolonged to 10 to 12 days. 

Measured by the percentage of survivals of the mice inoculated with the drug- 
treated virus (Graph I) sulfaguanidine is the least effective, resulting in 15 and 
20 per cent survivals after the 2-hour and C-hour contact periods. Similarly, 
sodium sulfanilyl sulfanilate results in slight effect, 25 and 29 per cent after the 
first two contact periods. But after the longer period of contact, 24 hours, the 
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percentage of survivals is increased to 43 and 49 per cent. From these data 
it appears that sulfaguanidine and sodium sulfanilyl sulfanylate are effective 
on either a less ^^rulent phase of the virus, as may be surmised from the slight 
loss of virulence after 24-hour standing, or when in contact for a longer period 
of time. However, when we deducted from the percentage of survivors after 
twenty-four hours’ contact the percentage of survivors in the control, the same 
percentage of suiauval was found, as after 2 hours of contact (tables 1 and 2). 
Accordingly, the effect is probably produced mostly by the shorter contact, 
with little change when contact is prolonged. 

The same condition was observed in the experiments with the sulfathiazole- 
treated virus. Deducting the percentage of the control sunuvals,25 per cent, 
from the survivals in the mice inoculated with the drug-treated virus, 68 per 
cent, after 24 hours of contact, an average survi%’'al of 43 per cent resulted 
(table 3). This is the same as after two hours of contact (Graph I). There 
were more survivals with sulfathiazole than with either sodium sulfanilyl 
sulfanilate or ivith sulfaguanidine. The most effective drug was sulfadiazine, 

TABLE 5 


Comparison o} amount of drug used and survival after S hours 


DRUO 

AMOUNT OP DRUO 

SN 2 cc. 60L. 

rsn CZNT 8UBT1VAI* 

Sulfadiazine 

mgm. 

0.06 

63 

Sulfathiazole 

0.38 

43 

Sodium sulfanilyl sulfanilate 

0.4 

25 


0.27 

IS 



Tbc dilution of virus was the same in each instance. 


which gave a 63 per cent sundval after two hours of contact tvith little change 
thereafter (Graph I). 

Taking into consideration the amount of the drugs which was contained in 
the 2 cc. of the saturated solution (note 2) used in the experiments, the smallest 
amount, 0.06 mgm., was contained in the sulfadiazine solution which gave the 
■ highest per cent of survival (table 5). Sulfathiazole solution contained slightly 
less drug (0.2 mgm.) than the solution of sodium sulfanilyl sulfanilate. The 
former resulted in a 43 per cent survival while the latter resulted in 25 per cent 
survival. Sulfaguanidine solution, containing 0.27 mgm., was the least effective 
drug resulting in a 15 per cent sundval. 

CONCLUSION 

Direct in vitro contact of sulfonamide compounds with the virus of lympho- 
granuloma venereum reduces its vdrulence when subsequently tested in mice. 
There was no instance of -vurucidal action but only -virus attenuation or inhibi- 
tion. Sulfadiazine and sulfathiazole are most efficient in this order. Sodium 
sulfanilyl sulfanilate and sulfaguanidine are less efficient. 
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Herman Ratiah, Chemist of the lattauer Pneumonia Reaearch Fund, assisted with the 
chemical analyses and Dr. J. J. Levy generously advised during the progress of the work. 
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In the pursuit of another problem, we had occasion to examine sorbitol in 
h 3 'pcrtonic solution as a diuretic. Our initial experiments were made with a 
50 per cent solution injected intravenouslj'. This solution not only increased 
the urine volume but also increased markedlj' the output of uric acid and allan- 
toin. These findings led us to study the effects of other polyhydric alcohols 
and sugars in a similar fashion; in addition, it seemed desirable to compare the 
effects of these substances with mercurial diuretics which also increase the output 
of uric acid (1). 

Female dogs with exteriorized ureters were used for these experiments. In this way we 
were able to collect the urine in hourly periods without manipulation and with the dog 
st.anding in a normal position. Although the urine was collected from each kidney and 
analyzed as sueh, since the total excretion per hour from the individual kidneys was equal 
wo combined the hourly figures in order to simplify presentation of material. Results are 
expressed in cubic centimeters or milligrams per kilogram except as otherwise indicated on 
the charts. One e.xpcriment consists of three periods of one hour each. The method of 
preparing these animals and of collecting tho urine has been described in detail 
elsewhere (2). 

The dogs were fed at four o’clock in the afternoon on a standard diet of 150 to 500 grams of 
meat according to the size of the animal. Two grams of salt were added to the daily diet. 
Water was allowed ad libitum. All experiments were done in the morning. All the drugs 
were injected intravenously. Water in the water diuresis experiments was given by stom- 
ach tube. The strength of the solutions varied with the solubilit}' of tho substance used. 
In the case of dulcitol, we were able to give a super-saturated solution (20 per cent) by 
maintaining the solution at body temperature until injection. All results are shown in the 
accompanying charts. 

Controls were of two kinds — without any drug, and after tho injection of 15 ce. of 0.9 per 
cent sodium chloride solution. The injections used did not e.xceed this volume e.vcept in 
the case of rafTmose in which a few injections of 30 cc. volume were made. Injection of 30 
cc. normal salt solution produced no diuresis in one experiment. It will be seen (fig. 1), 
that the various constituents remain highly constant under the conditions of this e.vperi- 
ment. There is a slight tendency for the three urinary constituents with which we arc 
concerned to decrejisc in succeeding hours and averages show a distinct dccre.ase. The 
chart is so plotted that the statistic.al v.alidity of averages can be seen at a glance. There 
is a tendency for the urine volume to vary more in the first hour than subsequent!}' and this 

* We arc indebted to the Abbott Company for the Sorbitol and Rafiinosc used and to tho 
Atlas Powder Company for the Dulcitol and Mannitol. 
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may be explained by the possibility of the animal having bad water just before it was taken 
out of the cage. However, the differences that are to be discussed are sufficiently large so 
that this variation does not matter. The excretion was the same from the two kidneys. 
It will be noted that the uric acid excretion never exceeded 0 09 mgm. per kilogram. Only 
rarely did the urine volume exceed 1 5 cc. per kilogram. 



Fig. 1. Control Data. Plotted in mgm. or cc./kgm. 

Column A is without any injection and D is after the intravenous injection of 15 cc. 
normal salt solution. 


Sorbitol solution (50 per cent) onuses nearly a three-fold increase in uric acid 
excietionin thefu-sthour (fig. 2). During this same period, 15 cc. of 50 per cent 
sucrose solution doubles the average uric acid excretion; smaller increases are 
produced by 50 per cent fructose solution and 20 per cent glycerine. Sorbitol 
in 20 per cent solution is followed by a less marked but none the less definite 






increase in uric acid, whereas 10 per cent sucrose and 10 per cent or smaller con- 
centrations of sorbitol produce less change in uric acid excretion. 

After the first hour the action of 50 per cent sorbitol persists significantly 
though slightly. The action of fructose, glycerine, and smaller quantities of 
sorbitol and sucrose does not continue beyond the first hour. Fifteen cubic 
centimeters of 10 per cent raffinose produces a very slight increase in uric acid 
excretion in the second and third hours. This effect is more pronounced with 
30 cc. of 10 per cent raffinose and leads us to suspect that were it possible to give 
larger doses, a comparable but delayed rise would result. Fifteen cubic centi- 
meters of 50 per cent dextrose, xylose, maltose, galactose, 20 per cent dulcitol 



Fio. 2. Prompt Effect of XIricosoric Scoabs. Shows Amount of Uric Acid Excreted 
IN THE Three Hours after Injection or the Sugar 

and 40 per cent mannitol have no effect on the uric acid excretion for the three 
hours following their injection. 

Water, when given by mouth in quantities of 100 to 300 cc., causes a diuresis 
which lasts well into the second hour and in some ex’periments, into the third hour 
(fig. 3). The other substances studied produced varjdng degrees of diuresis 
though sucrose, sorbitol and xylose were the most efficient in this respect. It is 
noteworthy that xjdose is possibly the most effective diuretic studied though it 
has no effect on uric acid excretion. In lower concentrations these substances 
were less diuretic and concentrations as low as 10 per cent were ineffective. 

We did not analyze for allantoin those urines containing sugars which on 
heating with ammoniacal copper solutions hydrolyzed and reduced the copper. 
Sorbitol, glycerine and mannitol, however, do not reduce the copper solution. 
We found that the excretion of allantoin was greatly increased by 50 per cent 
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sorbitol, slightly-increased by 20 per cent glycerine, and unaffected by smaller 
quantities of sorbitol and mannitol. 

The output of urea, total nitrogen and chloride was always proportional to 
the urinary volume. Some of these sugars reduce the alkaline picrate causing 
increased color. Therefore, although creatinine was measured on all samples, 
we can draw no conclusion from the results. 



Fio. 3. Diobetic Effects to Be Compared tfith Controls — Fioure 1. Water Given 

BY Stomach Thbe, Other Substances by Intravenous Injection in Doses op 16 cc. 

OP THE Concentration Indicated 

It has been foimd that 18 hours after eating, the uric acid excretion is solely 
endogenous (3, 4). Consequently, in all our experiments, we are probably 
dealing with endogenous uric acid. 

The uric acid excretion is augmented by the injection of sorbitol, sucrose, 
fructose and glycerine. Sorbitol geems to be the most active in this respect in 
comparison to sucrose and fructose. We though it advisable not to use glycerine 
in comparable concentrations because of possible toxicity; therefore, we cannot 
compare the intensity of its action with the others. 

It seemed possible that the increased excretion was a result of the diuresis 
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causing a washout of uric acid. On comparing the output of uric acid following 
the injection of these substances with "the excretion during w'ater diuresis of 
equal or greater degree, we found no change in the latter and a large increase in 
the former. 

Further evidence that the increase is not a result of the diuresis is that we have 
been able to produce an increase in uric acid by a 20 per cent solution of sorbitol 



Fig. 4. Average Uric Acid Excretion after Different Doses of Sorbitol — ^Time in 

Hours 

Ordinates plotted in mgm./kgm. per kidney 

which produces only a slight change in volume. Smaller concentrations of 
sorbitol and sucrose which are not diuretic do produce a small increase in uric 
acid. Since the increase in uric acid appears to be proportional to the dose it is 
likely that this is a direct effect of the drug (fig. 4). 

Simultaneous injections of sorbitol, sucrose, fructose or glycerine with 0.5 
mgm. ergotamine or 1 mgm. atropine cause no change in the increased excretion 
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of uric acid. Denervation of the kidncj’S produces no change in the action of 
these sugars. Mares, (3), Smetanka (5), Mendel and Stehle (0), and Abl (7), 
all found increased excretion of uric acid after the ingestion of various substances 
among T\’hich were sucrose and glycerine. These observers agree that the in- 
crease in uric acid excretion could be explained as the result of the activity of the 
digestive glands. We find that an increased excretion of uric acid can be ob- 
tained by intravenous injection of these two substances. Although we cannot 
say that the activity of the digestive glands following ingestion of sucrose and 
glycerine is not a cause of an increase in uric acid excretion, we can say that the 
activity of the digestive glands is not essential to the increase in uric acid in the 
case of sorbitol, sucrose, fructose and glycerine. In man, Thomas and Imas (8) 
have found an increased excretion of uric acid after the ingestion of pentoses; 
however, bladders and ^IcCance (9) were not able to verify these results. 

- There seems to be a similarity in the strueture of those substances which cause 
this increased output of uric acid. In all cases, there arc two CH 2 OH groupings, 
one on each end of the carbon chain. Substances without this characteristic 
do not affect the uric acid excretion. Both mannitol and dulcitol, which have 
two CHjOH groups so placed and are isomers of sorbitol, do not increase uric 
acid. From this it is apparent that the optical configuration plays a role in the 
pharmacologic acitivity perhaps similar to that seen in various alkaloids in which 
one optical isomer is active and the other inert. 

We can find no direct explanation for the variations in the diuretic responses 
to these substances. It seems evident that the uricosuric action is not dependent 
upon the diuresis. Indeed, a few short-interval experiments indicate that the 
peak of the uric acid excretion comes after the diuresis has begun to subside and 
that an elevated uric acid excretion is maintained until the urinary volume has 
returned to normal (fig. 5). 

We are unable to explain the increase in allantoin excretion produced by 
sorbitol and glycerine except to point out that it supports the idea that these 
substances exert a definite action on the purine metabolism quite apart from 
their effects as diuretics. 

It is evident from the foregoing that an increase in uric acid and allantoin 
excretion is produced by the intravenous injection of certain sugars and alcohols. 
Substances having this effect have, in eveiy case, the CH 2 OH group at both 
ends of the chain. So far, wc have studied trihydric and hexahydric alcohols 
and certain saccharides containing this configuration. Other related substances 
do not affect purine excretion. This increase is not related to the “washing 
out” effect described by Hawk (10). It should be noted that some of these 
substances produce an increase in uric acid excretion w’hcn given by mouth. 
Mendel and other observers sought to connect this uricosuria with activity of 
the digestive glands. It is obnous that the prompt effects seen on intravenous 
injection cannot involve activity of the digestive glands. The recognized 
relationship bctw'een the liver and purine metabolism makes one suspect that 
this effect is connected wdth this organ. The mechanism is not at present clear. 
Renal denervation has no effect. • Injections of ergotamine and atropine suf- 



112 


G. P. GR.\BFIELD AND D. SWANSON 


ficient to block the sympathetic and parasympathetic do not change the effect. 
Large doses of posterior pituitarj’ extract likewise do not alter the result. Experi- 
ments of one dog with an Eck fistula faUed to show any change in the reactions 
to these substances, though of course the initial level of uric acid excretion was 
higher. It is evident that various substances which might serve to change the 
uricosuric or diuretic reaction of these carbohydrates are ineffective. We must 
conclude that the uricosuric action is a function of their chemical structure mod- 



Fio. 5. Reiation between the DitmExic and Uricosuiuc Effect of Sorbitol 

ified by the optical configuration, and is distinct from the diuretic effect which is 
presumably due to the physico-chemical effects of non-assimilable substances in 
hypertonic solution. 

The observation that saljTgan diuresis is accompanied by an increased uric 
acid excretion (1), prompted us to use this drug to compare with these carbo- 
hydrates in the hope of throwing more light on the mechanism of the uricosuric 
action. While the diuretic action of salyrgan is comparable to that produced 
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by the sugars,’ the uricosuric action of the former in dogs is only trifling as com- 
pared with the latter. It was also noted that diiu-esis produced by aalyrgan 
seemed greater in dogs with one kidney denervated, which suggests that the 
mechanism of diuretic and uricosuric action of sugars and aalyrgan was different, 
since the action of the sugars was unaffected by denervation, atropine or er- 
gotamine. 


SUMMARY 

1. The effects of intravenous injections of hypertonic solutions of certain 
polyhydric alcohols and saccharides have been studied in dogs with exteriorized ' 
ureters without anesthesia. 

2. These drugs produce not only a diuresis but also a marked increase in uric 
acid and allantoin excretion. 

3. All substances causing the increase in purine excretion have the CHjOH . 
grouping at both ends of the chain. 

4. This is not accomplished through a nervous mechanism. 

5. It is unlikely that the hj^iertonicity of the solution per se is the cause of 
uric acid mobilization, since some hypertonic solutions do not produce this result. 
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The present investigation was undertaken for the purpose of determining 
what part of the tung nut contains the active toxic principle, in the hope that 
this substance could be isolated and identified. The toxic nature of tung nuts 
has been known for a long time, but few instances of experimental studj^ of 
this property have been reported. Gardner (2) relates an instance of the inges- 
tion of tung nuts by humans. The violent purgative effect which resulted 
prompted him to study the physiological action of tung oil on rabbits and dogs, 
in the hope that materials of therapeutic use might be discovered. He found, 
however, that relatively large doses had only a mild laxative effect. The oil 
produced no irritation of the intestinal mucosa and no interference with normal 
functions was observed, although the experiments were continued over a long 
period of time. His investigation was not extended to other parts of the tung 
fruit. Carratala (1) has given an excellent description of the symptoms which 
follow the ingestion of the fruit of the tung tree (Aleurites fordii), in describing 
the poisoning of five workers who had eaten the nuts. None ate more than three 
of the nuts, but soon showed violent epigastralgia, typical colic pains, bilious 
vomiting, burning thirst, and profuse diarrhea. As to nervous reactions, there 
were noted paresthesia, formication, cramps in the legs and arms, nausea, and 
exliaustion. We have been given an accurate account of the symptoms following 
the eating of only one tung nut by a student of the University, who mistook it 
for a Brazil nut. An hour later he felt dizzy and weak and had severe pains in 
the stomach. Violent vomiting, accompanied by diarrhea, set in immediately, 
and recurred at short intervals. .Attempts to satisfj' an unusual thirst seemed 
to aggravate this condition, which lasted for 0 or 7 hours, after which he was verj' 
weak. On the following day he had a headache throughout the morning, but 
there was no pain. By the third day he had completely recovered. 

Godden (3) carried on extensive feeding experiments with tung meal, obtained 
by solvent extraction, using rats, pigs, and dairj' cattle as test animals. The 
meal which he iLsed was steamed for 40 minutes and dried in air before being used. 
With these animals a purgative effect was observed, and they lost w-eight and 
condition on rations containing meal up to 25 per cent. None of the animals 
died from the effect of the meal although rats were kept on the ration for 21 days. 
Godden concluded that the material contained “some substance which makes 
it unpalatable, and some irritant which has a harmful effect on the mucous mem- 
brane of the intestines.” 
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Several instances of dermatitis caused by vapors of heated tung oil have been 
reported (4, 5), and attributed to the toxic nature of tung nuts. 

Experimental. The procedure adopted in this work involves a step-wise 
separation of various constituents of the tung nut with solvents and the testing 
of the physiological action of the various components so obtained. The object 
of the separation was the isolation and study of the toxic principle of the nut. 
The white rat was used as a test animal. The fractions isolated w’ere usually ad- 
ministered in the form of a ration consisting of a mixture of the material and 
ground dog chow, which was moistened with cane syrup. The resulting dough 
could be w'orked into balls of the desired w'eight, in which form it could 
be easily fed. 

Physiological action. A. Tung nut kernels. Each of 11 rats was given 15 
grams of a ration containing 50 per cent of tung nut kernels. The rats ate this 
material readily. After three hours a purgative effect was obser\*ed in seven 
cases. After 18 hours this effect w'as apparent in all of the animals. On the 
second day 5 of the animals were replaced on their regular diet and they returned 
to normal in a few days. The other C rats were kept on the ration containing 
tung nut kernels, but after the first day they did not cat the preparation so 
readily. They became sluggish and apparently very much w'eakened. On the 
fourth day one of the animals died. Two died on the seventh day and tw'o more 
on the eleventh. Only one rat survived to the thirteenth day, w’hen the e.xperi- 
ment was discontinued. 

B. Tung oil, separated from (A) by extraction with petroleum ether. A group 
of 6 rats was placed on a ration containing 24 per cent of tung oil. The rats 
ate this preparation readily enough, but remained perfectly normal although they 
w’cre kept on the ration for 5 days. There was no sign of the purgative effect 
obsen’ed as when the tung nut kernel was fed. 

C. Tung meal, separated from (-4) by exiraclion with petroleum ether. Each of 
5 rats was given 15 gramsofa ration containing 19.5 per cent of the oil-free meal. 
After 14 houis, all of the rats showed definite signs of a purgative effect, and after 
38 hours they seemed sluggish and w'cak. At the end of 62 hours tw’o of the 
animals were found dead. At this time each of the other three animals was given 
an additional 6 grams of the food mixture, and at the end of 86 hours none 
sur\'ived. 

D. Tung meal, after extraction of (C) with alcohol. A group of 5 rats was given 
daily 10 grams each of a mixture containing 19.5 per cent of tung meal (Z)). 
After five days the animals remained perfectly normal and the experiment was 
discontinued. 

E. Material, obtained from alcohol extract of (C). About 130 grams of oil-free 
tung meal (C) was extracted for 10 hours in a continuous extractor wth 95 per 
cent alcohol. The meal remained at 160-1C0*F, during this time. Upon evapo- 
ration of the alcohol a pasty reddish-brown residue was obtained, which became 
lighter in color and definitely crystalline in appearance when washed vath pe- 
troleum ether. The yield was 3.85 grams. Tiiis solid material was administered 
omlly, in water solution, in doses of 0.3 grams (equivalent to lO.l grams oil-free 
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meal) to eacli of 5 rats. The animals were kept on their regular ration and 
observed for 24 hours. No physiological effect was observed. The doses were 
repeated, but again no effect was observed. 

The extracted tung meal (D) and the material (_E) were mixed in the same 
proportions in which they existed in the original oil-free meal (C), and tested in 
the feeding experiments as above. The experiment was continued for 5 days, 
but none of the sjunptoms of tung nut poisoning was observed. 

F. Tung meal, after various heat treatments. A sample of oil-free tung meal (C), 
after heating in a hot air oven at 195°-205°F. for 4 hours, was made up into a 
ration containing 19.5 per cent of this material, which was fed to a group of 5 
rats at the rate of 5 grams each daily. On the second day a slight purgative 
effect was noted. The experiment was continued for six days, but none of the 
rats died or showed the sluggishness observed when unheated meal was fed. 

The experiment was repeated with meal which had been heated in a hot air 
oven at 212°-247°F. for 15 hours, with the results that no signs of a purgative 
effect were observed during the six days that the experiment was continued. 

A quantity of oil-free tung meal (C) was heated at 230°F. with steam in a 
pressure cooker for two hours, dried, and tested in the feeding e.xperiments as 
above. Five rats were given 10 grams each per day for 5 days, but no toxic 
symptoms appeared. 

G. Press cake. A ration containing 27 per cent of tung press cake was given 
to each of 5 rats in 10 gram portions daily. (The press cake is the product ob- 
tained from the commercial pressing process. The ground kernels are heated 
with steam before being pressed.) The rats ate most of the food given them, and 
after three days, no harmful effects were obsen^ed. 

Discussion. In this investigation it is shown that the decorticated kernels 
of tung nuts are toxic to rats. When finely ground kernels are included in the 
food of white rats the animals quickly develop signs of a purgative effect. After 
some time the animals grow sluggish and weak and finally die. 

If the oil is removed from the kernels by extraction with petroleum ether 
(Skelly Solv “A”) before mixing with the food, the toxicity persists. In this 
case symptoms of poisoning follow more quickly. In an experiment conducted 
on five rats with oil-free meal, all of the animals died within 86 hours after the 
first feeding. The extracted oil, after removal of solvent, had no effect upon 
rats, either when mixed with the food or when administered orally by means of 
a pipette in doses as large as 1.5 cc. 

After the toxicity of the oil-free kernels was established, the material was ex- 
tracted with alcohol for ten hours, during which time the temperature of the 
material was 150°-160°F. The residual meal was not toxic, nor was the solid 
material obtained upon evaporation of the alcoholic extract. The latter material 
was added to the former in the same ratio that they existed in the meal before 
extraction, but this mixture also had no physiological effect. The long heating 
in the presence of alcohol apparently either decomposed the toxic substance or 
destroyed some enzyme necessary for its formation. 

Our experiments show that heating with steam at 230 F. for two hours renders 
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the oil-free meal non-toxic to rats. Heating in a dry condition apparently 
requires a longer time to render the material non-toxic, for when the dry meal 
was heated in a hot air oven at 195®-205®F. for four hours and given to rats, the 
animals developed slight symptoms of the purgative effect produced by unheated 
meal but did not grow sluggish or weak. The dry meal was rendered completely 
non-toxic by heating for fifteen hours at 212®-247®F. in an oven. 

In view of the effectiveness of steam upon the highly toxic oil-free meal, the 
non-toxic nature of the press cake investigated here is especially of interest, as 
the press cake was obtained from ground kernels which had been^amed before 
pressing in the commercial plant. The results thus far obtained indicate that a 
perfectly non-toxic material may be readily obtained as a product of the tung 
oil industry. 

The authors are indebted to the late Dr. Charles E. Coates for helpful sugges- 
tions, and to Mr. D. T. Cushing of the Great Southern Lumber Co., Bogalusa, 
La., who provided samples of tung nuts, pre^ cake, and tung oil . 

SUlfMART 

The toxic principle of tung nuts is not present in tung oU, but is found in tung 
meal. A method by which this principle may be destroyed is described. An 
attempt to isolate the toxic material was unsuccessful. 
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The delay that occurs between the intravenous introduction of certain nar- 
cotics and the full development of their action has attracted relatively little 
attention and has not been satisfactorily explained. The first narcotic found 
to show this lag was a-d-glucochloralose. Soon after the discoverj' of the nar- 
cotic activity of this dnig, the lag was clearlj' described (1). In the other im- 
portant class of narcotics having slow onset of action, the barbituric acids, this 
property was not so promptly recognized. For several years after the intro- 
duction of barbital into medicine nearly all of the laboratory and clinical studies 
were made vith the acid form given by mouth. Tlie first reference that I have 
found to the delay in onset of narcotic action after intravenous injection of 
a barbituric acid is that of Impens (2), who described it for pheno- 
barbital in 1912. His reference to the lag is casual but unequivocal. Other 
early references to the slow onset of action of barbituric acids are those of 
Tiffeneau (3) (barbital, dial, ethjd-allyl-barbituric acid) and of Starkenstein 
(4) (barbital). Of the other drugs tabulated in this paper as having lags, 
some have previously been reported to have this property. Others have not. 
Some have even been described as having immediate onsets (e.g., nostal and 
nirvanol (5)). 

Part 1. Relation between dose and lag. For the investigation of the relation- 
ship between dose and lag, phenobarbital and a-d-glucochloralose were chosen 
as representative of the two principal classes of narcotics having lags. Pheno- 
barbital was selected as the representative of the barbituric acids because, of all 
those vith long lags, it gives the quietest anesthesia. The time at which 
anesthesia is reached is, for that reason, more easil}'^ and accuratelj' determined. 
Moreover, the duration of phenobarbital anesthesia is very long, and the form 
of the dose-lag relation should be relatively little affected by the inactivation of 
the drug. Less exactly determined data for barbital indicate that the dose-lag 
relation is of a similar form to that of phenobarbital. At corresponding doses, 
the lags are about 1.8 times as great as those of phenobarbital. 


^ This work was supported by a grant from Mallinckrodt Chemical Works. Some of the 
drugs used were kindly supplied by the followingfirms: Hoffmann-LaRoche, Eli Lilly & Co., 
Riedel-de Haen, Sandoz Chemical Works, Sharp and Dohme, and Winthrop Chemical Co. 
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Methods. Both drugs weregivcnintravenously tomalewhitcmice. Phenobarbital was 
glveo as a freshly prepared solutioa of the sodium salt. The concentratzoas of the solutions 
were made proportional to the dose, so that all mice receiving the same drug received the 
saine volume of solution per gram of body weight (phenobarbital, 0.017 cc.; chloralose, 
0.03 CO.). The injection of each of the 5 lower doses of phenobarbital occupied 1 minute 
(1 minute for the highest dose) ; each dose of chloralose, 2 minutes. 
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Fio. 1. Relation between Dosage and Time of Onset of Anesthesia 
For each point 25 mice were used. Ordinate — ^median time between end of injection 
and onset of anesthesia. Abscissa— ratio of dose to the previously determined median 
anesthetic dose of the drug (chloralose, 0 0S2 mgm. per gram; phenobarbital, 0.134 mgm. 

per gram). The curve 6tted to the chloralose data is j/ == 36 logn fitted to the 

phenobarbital data is y = 19e“* 


The 160 mice receiving the G doses of phenobarbital represented in figure 1 were assigned 
in groups of 6 at random to the 6 doses. The 6 mice were all dosed on the same day. A 
similar procedure was used for the 6 doses of chloralose. 

The median anesthetic doses, which enter into the expression of dosage used in figure 1, 
were determined by the same method used for all of the other drugs. (See Part 2.) 

The criteria of anesthesia were the same as those described in Part 2. 


The results arc shown in figure 1. Median rather than mean values of time 
arc plotted because it was thought that this would give a picture of the dose- 
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time relationship more representative of that which would be found if it could 
be determined for an individual mouse.® 

To draw any very definite conclusions from the shapes of the curves would be 
hazardous.® Time-concentration curves for much simpler biological systems 
have yielded very little information as to the physico-chemical processes in- 
volved in the delays. (For a rewew of this subject, see Clark (7) .) The shapes 
of the two curves are sufficiently different to indicate the need of some caution 
in assuming that the cause of the lag is the same for the chloraloses as for the 
barbituric acids. However, either is compatible with the hypothesis that 
diffusion is an important factor in the delay. 

Part 2. Comparison of the lags of various anesthetics. As was shown in Part 
1, the lag is to a great extent dependent on the dose. For this reason, if the lags 
of different drugs are to be compared, it is important that doses be used that give 
comparable depths of anesthesia. In an attempt to fulfill this condition, I 
have determined the median anesthetic dose of each drug and measured the lag 
at a dose 1.25 times this value. This ratio gives a dose that proved to be suf- 
ficient to anesthetize every mouse with every drug tried. 

Drugs were chosen to represent a large variety of chemical classes of narcotics. 
The majority of those tabulated are derivatives of barbituric acid. The large 
number of readily available drugs of this group show a wide range of lags. This 
series affords a good opportunity of studjdng the relation between structure 
and lag. 

’ Suppose the dose-lag relation of a population of mice to be represented by the family 
of curves, p =/(s, a),the parameter, a, determining the position of the asymptote (anes- 
thetic dose) . Then the relation between dose and the arithmetic mean of the lags shown by 
two or more of the curves will not in general be of the form y = f[x, a). 

The shape of the curves in figure 1 suggests that if the anesthetic doses of a population of 
mice were normally distributed, the distribution of the lags measured at any dose would 
not be normal but positively skewed (mean greater than mode) . The asymmetry would be 
more pronounced at lower doses. Calculation of gi (Fisher (6), p. 78) shows thift the 
distribution of the times for the lowest dose of phenobarbital departs significantly from 
normality (positive skewness). For the other 5 doses of phenobarbital, the asymmetry is 
not significant. On none of the 5 doses of chloralose is there significant asymmetry. Of 
all the other drugs (Part 2) for which the lags were measured at 1.25 times the median dose, 
only barbital, nostal, and sandoptal have significantly asymmetrical distributions of lags 
(all positively skewed). 

‘ No particular significance should be attached to the equations used for drawing the 
curves through the observed points, even though the chloralose equation is of a type that 
expresses the course of several familiar physical and chemical processes (e.g., the time 
required for a given amount of solute to diffuse across a thin membrane in accordance with 
Fick’s law). These are the simplest equations giving asj-mptotes at x = 1 and y = 0 that 
were found to give a reasonabb’ good fit. (Since the duration of anesthesia is finite with 
respect to the lag in onset, a curve showing two values of y for each value of x, with a tan- 
gent at X = 1, would be a still better representation of reality.) Since a number of different 
time-concentration relations have been found to fit equilateral hyperbolas and since certain 
diffusion processes are also represented by such curves, I have tried to fit equilateral hyper- 
bolas to the present data. The data can be fitted rather roughly (considerably less closely 
than by the curves shown) by these hyperbolas: phenobarbital, y{x — 1) = 2.7 ; chloralose, 
(y —5) (x — 1) = 5.5. 
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Methods. Source of drugs. Those drugs that were not obtainable in a good state of 
purity either commercially or from the laboratories of the manufacturers were synthesized 
in this laboratory or isolated from commercial mixtures and purified. 

Administration of drugs. All drugs were given intravenously to male white mice. The 
concentrations were usually made such that a mouse would receive about 0 015 cc. of solu- 
tion per gram body weight, but the low solubility and low activity of some drugs neces- 
sitated giving considerably larger volumes of solution. All of the barbituric acids were 
given as freshly prepared solutions of the sodium salts. 

Criteria of anesthesia. A mouse was considered anesthetized if it was unable to gain and 
maintain the standing position after stimulation by repeated pinching of the tail. 

Determination of the median anesthetic dose (AD 50). For the drugs of tables 1 and 3, 
two doses were found, one of which would anesthetixe between 24 and 50 per cent of the mice, 
the other between 50 and 70 per cent. Twenty-five mice were used on each of these two 
doses. The median dose was estimated by interpolation from these two groups on the as- 
sumption that the relation between dose and proportion anesthetized is linear over this 
range.* 

For all of the other drugs (none of which bad a lag) , only 12 animals were used on each of 
the two doses. The precision of these doses is consequently less than that of those deter- 
mined from the larger groups. 

The doses of the barbituric acids and hydantoins are expressed in terms of the acid form. 

The scries of doses shown in the tables weredetermined over a period of several years and 
in all seasons. The question of seasonal and other such variations in sensitivity to drugs 
must be considered in comparing the activities of these drugs. 

Measurement of lag. For the drugs of tables 1 and 3 a dose 1.25 times the previously 
determined median anesthetic dose was given. The inlectlon time was usually i minute. 
Longer injection times were necessary for a few* drugs (e.g., 2 minutes for the chloraloses). 
The time was noted at which the mouse reached the level of anesthesia described above. 
Times were measured from the end of the injection. Twenty-five mice were used for each 
drug, the mean time being tabulated (see footnote *). The lag was always measured within 
a few days of the determination of the anesthetic dose. The mice used came from the same 
group from which those used for the dose determination had come. This procedure prob- 
ably nullified to some extent the effects of the above-mentioned variations on the meas- 
ured lags. 

If in the determination of the median anesthetic dose every mouse that became anes- 
theVixed did so wUhin a few seconda of the end of ibe injection, the use of tbe higher dose 
was omitted and the drug classified as having no lag. The onset of action of these drugs 
may not be quite instantaneous and the drugs may differ slightly among themselves in their 
rapidity of onset. However, their lags are too short to be determined with any degree of 
significance by the method described above. 

All of the anesthetics that I have found to have any measurable delay in onset 
of action are to be found in tables 1 and 3. It is to be noted that all of these 
drugs fall into two chemical classes: the chloraloses, and the 5,5-disubstituted 
derivatives of barbituric acid and the closely related compound, hydantoin.® 
Although I have tested a considerable number of anesthetics belonging to other 

* While this assumption is of course not true, it can lead to no serioiiB error in this range. 
The assumption of more complex relations, which doubtless are better approximations, 
leads to values of the median dose that differ from those calculated here by amounts so small 
as to be of no significance in this study. 

‘The 5,6-disubstituted derivatives of another compound related to barbituric acid, 
oxazolidinedione, are reported by Stoughton and Baxter (S) to have no lag. 
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chemical groups, no others have been found to have lags.' In table 4 are listed 
a few of the anesthetics that have immediate onset of action. This list is chosen 
to contain representatives of diverse chemical classes and to show a wide range 
of anesthetic doses. 

Examination of table 1 suggests that among the 5,5-disubstituted barbituric 
acids there is a tendency for the longer lags to be found in the less active drugs. 
That this association is statistically significant can be demonstrated by the 
treatment of figure 2. Here are plotted the anesthetic doses and lags of the 18 

TABLE 1 

Aneslhclic doses and lags of eighteen 6,C-disubstilutcd derivatives of barbiturie acid 
The tabulated lag is the mean time of onset of anesthesia in 25 mice given a dose 1.25 X 
the AD 50. 


nAnniTunic acid 


5-ethyl-5-cthyl (Barbital) 

-5-phenyl (Phenobarbital) 

-S-isopropyl (Ipral) 

-5-(l-oyolohexonyl) (Plianodorn) 

-5-butyl (Nconal) 

-5-hoxyl (Ortal) 

-5-isoamyl (Amytal) 

-5-(l-mothyl-l-butenyl) (Dolvinal) 

-6-(l-mcthylbutyl) (Pentob.arbital) 

5-allyl-5-allyl (Dial) 

-5-isopropyl (Alurate) 

-5-isobutyl (Sandoptal) 

-5-(2-cyclopcntonyl) (Cyolopal) 

-5-(l-methylbutyl) (Seconal) 

5-(2-broraoallyl)-5-isopropyl (Nostal) 

-5-scc-butyl (Poruoston) 

-5-(l-mothylbutyl) (Sigmodal) 

5-methyl-5-(l-cyclohoxenyl) 


MOL. 

ADM 

JlEAK LAO 
IN ONSET 


mgm. per 
gra m 

moles X 
JO"* per 
gram 

mtnufM 

184.1 


127 

22.0 

232.1 

0.134 

58 

12.3 

198. 1 

0.110 

5G 


23G.1 

0.110 

47 


212.1 


30 

1.6 

240.2 


32 

0 

22G.2 

WEm 

24 

HQ 

224.1 

0.047 

21 

mm 

22G.2 

0.033 

15 

0.1 

208,1 

1 

0.073 

35 

12.8 

210.1 


28 

12.4 

224.1 

IfiH 

28 

3.4 

234.1 


2G 

1.6 

238. 2 

0.028 

12 

0.1 

289.0 

0.071 

25 

9.5 

303.1 

0.049 

IG 

2.7 

317.1 

0.040 

13 

0.2 

222.1 

0.20G 

93 

8.9 


barbituric acids of table 1. Lines are drawn thi'ough the mean values of dose 
and lag, dividing the plot into 4 quadrants. If anesthetic dose and lag were 
independent properties, the ratio of the number of drugs falling in Quadrant 
II to the number in Quadrant III should equal the ratio of the number in 


* So far as I am aware, the only other drug that has been reported to have slow onset of 
action after intravenous administration is 3,3-dicthyl-2,4-dikoto-piperidinc (itself similar 
in structure to barbital), Foster (9) found a lag rvith this drug in rabbits. In rabbits I 
also find a brief lag, but not in mice. 














AJUESTHETIC LA.0 


123 


Quadrant I to the number in Quadrant IV. The observed ratios differ signifi- 
cantly, indicating that anesthetic dose and lag are associated properties.^ 



A0 50'M0LC5 X la'® P£R GRAM 


Fig. 2. Tub ErcutEEN 5,5-Disubstitutei> Barbituric Acids of Table 1 
The perpendiculnr lines arc drawn through the mean values of dose and lag 

No N-substituted barbituric acid or thiobarbiturio acid -was found that had a 
lag (table 2). Although a A^-substituted compound is more active than the 


^ Of the 18 drugs, 7 have lags above the mean, 11 below the mean. If dose and lag were 
independent properties, the 13 duigs having anesthetic doses below the mean should contain 
the same proportion of high lags and low lags as 13 drugs selected at random from the 18. 
If 13 drugs are selected at random from the 18, the probability that these 13 will contain 
10 or more below-tbc-mean logs is 


51 13 ! / 7ixn . 71 \ _ 

ISJ V 4131 5121 / ~ 


0 047 


This probability is so low that the hypothesis of independence cannot reasonably be 
accepted. 


This test of independence involves no assumptions regarding the form of distribution of 
lags or doses , nor regarding the form of the lelaUoosUip between dose and lag. Because the 
distributions of the doses and the lags cannot be regarded ns normal (the distribution of 
those 18 doses shows significant positive skewness), the correlation coefficient cannot be 
applied here. 
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corresponding unsubstituted compound and a thiobarbituric acid more active 
than its oxygen analogue, it is to be noted that some of the drugs in table 2 are 
less active than the rapidly acting compounds of ta,ble 1. 

Discussion. The earliest attempt to explain the slow onset of action of a 
narcotic is that of Overton (10) (1901). He found that the narcosis produced 
by chloralose develops slowly in tadpoles and disappears slowly when they are 
transferred to fresh water. Chloralose was the only strong indifferent narcotic 
known by Overton to behave in this manner. By plasmolytic experiments, a 
method entirely independent of the appearance of narcosis, he demonstrated 
that chloralose enters plant cells slowly. In this respect, also, it differed from 
the other indifferent narcotics. Overton thought that the rapidity of entrance 
of a compoimd into a cell is determined by its solubility in the lipoids of the cell 

TABLE 2 


1 ,5 ,6-trieubstiiuted derivatives of barbituric acid and S ,S-disubsiiiuied derivatives of 

thiobarbituric acid 

The onset of action of ail of these drugs is almost immediate. 


SAnSITURtC ACID 

MOL. 'WT. 

AD 50 

l-methyl-barbital 

198.1 

rngm. pgr 
eram 

0.070 

molu X 
pgTffram 

35 

l-etbyl«barbital 

212.1 

0.110 

52 

l-propyl-barbital 

226.2 

0,038 

17 

l-allyl-barbital 

224.1 

0.055 

25 

1-butyl-barbital 

240.2 

0.060 

25 

Z-methyl-pbcnobarbital (Mcbaral) 

246.1 


20 

l-methvl-alurate (Naroomiman 

224.1 

0.032 

14 

l,5-dimethyl-5-(l-cycIohexenyl)-barbituric 
(Evipal) 

acid 

236.1 

0.029 

12 

6-ethyl-5-(l-methylbutyl)-2-thiobarbiturie 
f Pentothal) 

acid 

242.2 

0.012 

5 

5, 6-diethyl-2-thiobarbituric acid 

200.2 

0.140 

70 




membrane relative to its solubility in water. He evidently assumed that narcosis 
is produced only after the penetration of the drug into the cell. 

Of a different nature is the suggestion offered by Elimesch (5) to account for 
the slowly developing action of certain barbituric acids. Klimesch attributed 
the differences in rapidity of onset of action of barbituric acids to the differences 
in degree of hydrolysis of their sodium salts. The greater the proportion of the 
drug present in the blood and tissues in the form of the lipoid-soluble acid, the 
more rapid the onset of action was assumed to be. This idea was reaffirmed 
in a subsequent paper by Starkenstein and Klimesch (11). Bush (12) has 
pointed out that the method used by Klimesch to estimate the degree of hy- 
drolysis of the salts is not valid. Bush determined the dissociation constants 
of five barbituric acids and, failing to find these values correlated with the lags, 
showed that the hypothesis of Klimesch is not acceptable. Barbital and amytal, 
two drugs that have lags differing in the extreme, were found to have equal 
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dissociation constants. The independence of dissociation constant and lag is 
corroborated by the study of a longer list of dissociation constants recently 
published by Clowes et al. (13). • Fourteen of the barbituric acids of table 1 
are to be found in this list. Among these fourteen, there is no evidence of as- 
sociation between pK' and lag.* 

Owing to the infinite complexity of the cell, the possibilities of describing its 
functions in terms of i'amiliar physico-chemical models are severely limited. 
How’ever, since the greater part of the time must be accounted for by processes 
the course of which is greatly affected by small changes in chemical structure or 
physical properties, it is possible that a study of the association between lag and 
the properties of the drugs may yield a clue at least to the general nature of the 
principal factor in the delay. 

The first question that arises concerning the lag is whether it is the time 
required for the drug to arrive at its site of action or W'hether it is a delay 
in the biological response of the cell after the primary action of the drug is 
complete. Among the 5 , 5-disubstitutcd barbituric acids listed in table 1, drugs 
that differ among themselves relatively little in chemical structure, there are to 
be found lags of all magnitudes. It is difficult to conceive of drugs so closely 
related chemically differing among themselves in their sites or mechanisms of 
action. On the other hand, the differences in physical properties are such as 
might be expected greatly to influence the speed of passage from the blood to 
the site of action. Therefore, at least so far as the barbituric acids are con- 
cerned, the hypothesis that the delay is in the arrival of the drug at its site of 
action appears the more attractive. 

The significant association between narcotic activity and rapidity of onset 
demonstrated here may throw some light on the nature of the process by which 
the drug reaches its site of action. Such an association would result if this 
mechanism were dependent on some physical property of the drug that is also 
associated >vith narcotic activity. Among the barbituric acids as well as other 
narcotics, there is a general tendency for the more active drugs to have a higher 
solubility in certain organic solvents relative to water. This solubUity relation- 
ship is often thought of in terms of the distribution coefficient between olive oil 
and water, not because of any imique physiological significance of this particular 
coefficient but because it was the one used by the early advocates of the lipoid 
theory of narcosis. Let it be assumed that the lag in onset of narcosis is due to 
diffusion of the drug from an aqueous phase into or across a non-aqueous phase. 
Then if the more active drugs had higher partition coefficients between the 
non-aqueous solvent and water, they would pass more rapidly into and across 
the non-aqueous phase, and the observed association between anesthetic dose 
and lag would result. 

The fact that there is also a marked parallelism between the oil/water distri- 

* If these data are treated by the method of figure 2, pK' (from Clowes et al.) being 
plotted as abscissa and lag (from table 1) as ordinate, the number of drugs falling in quad- 
rants 1, 11, III, and IV are, respectively, 3, 3, 4, 4. These numbers do not differ from those 
expected from the hypothesis of independence. 
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bution coefficients of many organic substances and their speeds of penetration 
through cell membranes suggests that the non-aqueous phase assumed above 
might be the lipoid layer of the cell membrane.’ If some of the assumptions 
considered above were combined, the hypothesis would assume this more 
specific form: 

The delay in onset of narcotic action is the time required for the drug to 
penetrate into or through the cell membrane, the more rapid penetration of the 
more active drugs being due to their greater relative solubility in the lipoids of 
the membrane. 


TABLE 3 


Anesthetics other than barbituric acids having slow onset of action 
The lag was measured in the same way as for the barbituric acids of table 1. 


DRUG 

ilOL. WT. 

AD 60 

1 

UCXTt XiAO 

IN oNarr 

S-ethyl-S-phenyl-hydantoin (Nirvanol) 

204.1 

B 


minutes 

14.5 

a-d-glucochloralose 

309.5 . 


MM 

24.4 

o-d-arabinochloralose 

279.4 



15.6 

a-Z-arabinochloralose 

279.4 

0.199 

71 

9.8 



TABLE 4 


Some anesthetics other than barbituric acids having immediate onset of action 


DROG 

MOL. T\*T. 

AD 50 

Methanol . 


mjjm. per 
pram 

7.0 

TnofM X 

per pram 

22,000 

163 

Chloral hydrate 


0.27 

Ethyl acetate 

88.1 

0.27 

306 

Ethyl carbamate . .... 

S9.1 

1.12 


Paraldehyde 

132.1 

0.73 


Acetone 

58.0 

2.4 

^k1R!H 

Sulfonal 

228.3 


219 




This hypothesis is essentially an application of Overton’s theory of cellular 
permeability. However, it is to be noted that it has been assumed above that 
the amount of drug passing from the original aqueous phase is at least roughly 
proportional to the observed anesthetic dose. This assumption is not consistent 
with the requirements of the lipoid theory of narcosis, at least as set forth by 
Meyer and Hemmi (15). 

The hjTothesis mentioned above is inadequate to e.xplain the unequal rates 
of onset of narcosis following injection of the enantiomorphic arabinochloraloses, 

’ Among the 9 barbituric acids of table 1 for which olive oil/water distribution coeffi- 
cients have been published (14) there is a significant association between distribution co- 
efficient and lag. 
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for the physical properties of these compounds are identical. It is conceivable 
that the chloraloses differ entirely from the barbituric acids in their site and 
mechanism of action. The lag might still be considered a delay in the arrival 
of the drug at its site of action if it were assumed that the drug penetrates not 
through simple diffusion in accordance with Fick^s law, but by some process 
that limits the rate of transfer. Thus the larger quantity of a less active drug 
would require a longer time to reach the site of action. 

No reason is apparent why the lag should be found in such a limited num- 
ber of chemical classes of narcotics. Reference to table 4 indicates that it 
cannot be solely a matter of narcotic activity or of molecular dimensions or 
of solubility. One must assume that those chemical groups in which lags are 
found narcotize at a different site or through a different meclianism or arrive 
at their site of action througli a different mechanism from other narcotics. 

SUMMATIY 

delay occurs between the intravenous introduction of certain anesthetics 
and the full development of their action. The only drugs that I have found to 
have this property arc chloraloses and 5,5-disubstitutcd derivatives of bar- 
bituric acid and hydantoin. The lags of a number of these drugs have been 
measured at doses designed to give comparable depths of anesthesia. 

Among the eighteen 5,5-disubstituted barbituric acids studied, it has been 
demoiustrated that anesthetic dose and lag are associated properties, the more 
active drugs tending to have more rapid onset of action. 

This association might be explained if it were assumed that the delay is 
the time required for the drug to penetrate into or through the cell membrane, 
the more rapid penetration of the more active drugs being due to their greater 
relative solubility in the lipoids of the raerabrane. 

This hypothesis is inadequate to explain the unequal rates of onset of the an- 
tipodal arabinochloraloscs. 

No reason is apparent for the fact that the property of slow onset of action is 
limited to those chemical classes named. ^ 
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During recent years a number of investigators have reported studies on the 
properties of the enzyme contained in the milky sap of the fig. Such studies have 
been prompted by its enzymatic properties as well as by its historic status as a 
Spanish-American anthelmintic. An excellent review of its history and bibliog- 
raphy is given by Asenjo (1) . The purpose of this paper is to present the results 
of further investigation along lines suggested by its use as an anthelmintic.* 

The partially purified enzyme, dried to constant weight in a vacuum desiccator 
at room temperature showed, by Kjeldahl, a total nitrogen content of 11.1 per 
cent, corresponding to 09.0 per cent proteim Its average ratio of free amino 
nitrogen to total nitrogen, the former determined by the Van Slyke method, 
ranged from 13 to 14 per cent in different samples, which places it approximately 
in the proteose class. In its proteolytic properties it resembles papain in that 
it has an optimum pH of about 5, as shown by Robbins (2) . This pH was there- 
fore uSed for all determinations of proteobdic activity. We found that it rapidly 
hydrolyzed proteins such as egg albumin, gelatin, etc. at room temperature, but 
carried them to the proteose-peptone stage with n free amino nitrogen total nitro- 
gen ratio of about 25 per cent. When added to commercial proteose-peptone 
mixtures little or no further hydrolysis was observed. Thus in the degree of 
hydrolysis accomplished it resembles gastric pepsin. 

The thermo-lability of ficin was firet reported by Robbins (3), who used its 
effect on Ascaris as the criterion. We have confirmed his results using hydrolysis 
of egg albumin, measured by the production of non-precipitable (by trichloracetic 
acid) nitrogen as the criterion. Complete inactivation resulted from one hour’s 
hcfiting at from 70® to 75®C. The cnzj'me is not poisoned in any measurable 
degree by the presence of chloroform. Treatment of a water solution with 
ketene under conditions which should acetytate only free amino groups yielded 
a product with about two-thirds the enzymatic activity of the untreated sample. 

The fairly homogeneous character of our enzyme preparation is indicated by 
the results of dialysis through a collodion membrane. As is the case wth most 
proteose-peptone mixtures, a portion dialyzes easily through such a membrane 
but the molecular complexity of the dialysate, as indicated by the free amino 

* The work was carried on with partially purified samples of the enzyme in powdered form 
furnished us by the kindness of Merck and Company, Incorporated. 
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nitrogen total nitrogen ratio, does not differ markedly from that of the residue. 
Furthermore, experiments of this type have sho™ enzymic activity on the part 
of the dialysate proportional to the total protein content of the solution. 

One of the remarkable properties of this enzyme, no doubt responsible for its 
continued medicinal use, is that of digesting living intestinal helminths. Such 
ability obviousl}^ does not accord with our conception of the mechanism of action 
of proteolytic enzymes but a member of e.xpcriments with freshly collected, live, 
pig Ascaris provide ample confirmation of the results first reported by Robbins 
(3). The helminths are rapidly attacked by the enzyme with the production of 
extensive lesions of the bod 5 ^ wall. During the course of this digestion the 
power of locomotion of the worms leaves no doubt that they remain alive for 
some time. However, long-continued action by the enzyme solution produces 
death and almost complete disintegration of the worms, with marked increase 
in the nitrogen content of the solution in which they are immersed. 

Site of action. In an attempt to determine whether the action of ficin on 
live ascaris is on the e.xterior body surface or through the alimentary tract of the 
worms, the following e.xperiment was carried out: Freshly collected live Ascaris 
were divided into three groups of five worms each. Group I was immersed in 
200 cc. 0.1 per cent ficin made in Locke’s solution; Group 11 was immersed in the 
same volume of Locke’s solution \\ithout the ficin. Group III was a duplicate 
of Group I in the ficin solution but, whereas the worms of Group I had their 
alimentary tract closed by ligation as described by Brown (4), those of Group III 
were left unligated. All three groups were incubated at ST'C. and observed at 
intervals up to 150 minutes. At the end of that period the worms of Groups I 
and III, while retaining the power of locomotion, had a badly blistered cuticular 
surface whereas Group II (controls) showed no damage. However, no difference 
could be observed between Groups I and III; since ligation of the alimentary 
tract was without result, the action of the enzyme was purely on the exterior 
surface of the worms. Moreover, the increase in the nitrogen content of the 
solution as digestion proceeded was practically identical in Groups I and III in 
spite of the inability of the enzyme to gain entrance to the intestinal tract of the 
worms of Group I. A similar experiment in physiological saline solution gave 
the same results. 

Fecal excretion. The clinical use of crude preparations of ficin for the treat- 
ment of Trichuriasis has been described bj’ Brmvn (5), and recommended by 
various writers as reviewed by Asenjo (1). The degree of success recorded for 
crude ficin preparations is the more remarkable because the habitat of Trichuris 
is the cecum. Thus the necessary site of action is so far down the intestinal 
tract as to subject the enzyme, evidently of protein nature, to the digestive action 
of the proteolytic enzymes of the stomach and small intestine. The literature 
contains little or no exact information as to the relative abilities of different prote- 
olytic enzymes to destroy one another but one must assume, in this case, that 
some of the ficin passes unaffected through tlie areas of tryptic and ereptic diges- 
tion and arrives at the cecum with, at least its anthelmintic if not its proteolytic 
properties unimpaired. In this abOity, it appears to be in sharp contrast to the 
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animal’s ordinary digestive enzj’mcs which arc almost entirely absent from 
normal feces. It seemed worth while, therefore, to test whether or not the prote- 
olytic activity of doses of ficin can sundve to the point of excretion in the feces. 
It is well known that feces normally show little or no tryptic activity. 

The question of fecal survival of ficin was tested as follows: Doses of partially purified 
and dried Coin (used in the above-described experiments) were administered in water solu- 
tion to two dogs at levels of 0.1 gram and 0 5 gram respectively per kilo body 
weight. Twenty-four hour collections of feces were made, both for several days before 
administration of the enzyme and for a longer period afterw’ards. The dogs were kept 
throughout the experiments on an ordinary animal house diet. The 24-hour samples of 
feces, varying considerably in weight, were each macerated in water; the resulting mixture 
was filtered and washed into 500 cc. volumetric flasks and made up to volume; 25 cc. aliquots 
of these solutions were used for testing proteolytic activity. 

Standardization was effected b 3 ' running a series of teats with varying amounts of the 
same sample of ficin as that administered to the dogs in 25 cc. water. This was added to 

TABLE 1 


AhsoluU increase tn perceniaoc of free amino^ to total nUrogen effected by varying amounts of 
ficin tn 25 cc. water solution added to £00 cc. £% gelatin solution. Room temperature 


wetonr or riciN at 25 ee. SAuriB 

j ABSOLOTB war w »eBCe!tTAOB or FREE AlUMO- TO TOTAl mTBOaEN 

SOmiautes! 

60 minutes 

pram 



0 

0 

0 

0.05 

3.25 

3.90 

0.10 

5.51 

6.68 

0.15 

6.63 

7.84 

0.20 

7.95 

8.96 

0.25 

8.69 

9.64 

0.30 

9.28 

10.64 


200 cc. 2% gelatin solution at room temperature and the resulting ratio of free atnino- to 
total nitrogen determined at once, after 30 minutes, and after one hour. The amounts of 
ficin in the 25 cc. samples were varied from zero to 0.30 gram but the amounts present in 
the 25 cc. aliquots of the feces solution never exceeded the equivalent of 0 05 gram. A 
straight-line relationship was assumed to hold sufficiently well between 0 and 0 05 gram to 
permit interpolation. The original ratio in the gelatin was 2.92%. The results of the 
standardization are recorded in tabic I, the absolute rise in the ratio for 30 and CO minutes 
over the ratio as detenmned at once being recorded in relation to the amounts of ficin con- 
tained in the 25 cc. sample of the same. 

The enzyme content of the 24-hour samples of feces was determined by direct proportion; 
the data used were those given in table 1 for a hydrolysis period of one hour. The 25 cc. 
aliquot of the feces solution was mixed with 200 cc. 2% gelatin solution. This solution 
plus 25 cc HjO had, as stated above, a ratio of free amino- to total nitrogen of 2.9%. After 
one hour hydrolj’sls at room temperature the ratio was determined and corrected for the 
nitrogen introduced into the feces solution. From this ratio there was subtracted the 
original ratio determined on the gehatin (2.92%). To apply a further correction for the 
small enzymatic activity encountered in normal feces, an average was made of the values 
similarlj' obtained on several control periods when no ficin had been administered. This 
average amounted to 0.75% absolute increase under identical conditions (see table 2) for 
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various WTiters as reviewed by Asenjo (1). The degree of success recorded foi 
crude ficin preparations is the more remarkable because the habitat of Trichuris 
is the cecum. Thus the necessary site of action is so far down the intestinal 
tract as to subject the enzyme, evidently of protein nature, to the digestive action 
of the proteol 3 'tic enzymes of the stomach and small intestine. The literature 
contains little or no exact information as to the relative abilities of different prote- 
olytic enz 3 'mes to destroy one another but one must assume, in this case, that 
some of the ficin passes unaffected through the areas of tryptic and ereptic diges- 
tion and arrives at the cecum with, at least its anthelmintic if not its proteol 3 d;ic 
properties unimpaired. In this ability, it appears to be in sharp contrast to the 
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ment with a sample of papain paste’ producedsimilar results, the recovcrieshaving 
reached a maximum of about 63 per cent of that administered. 

It is, of course, recognized that such a heavy dose of a highly irritating enz5ane 
(cf. 6) produces abnormal conditions in the intestine. In the above-described 
experiments with ficin the resulting feces were patently abnormal, being soft 
and quite red in color, undoubtedly indicating some bleeding. However the 
animals quickly recovered their normal condition. 

CONCLUSIONS 

Further investigation of the properties of the fig enzyme (ficin) have shown 
that: 

1. The action on Xscans lumhricoides is on the exterior of the live worm and 
not through its alimentary tract. 

2. The similar effect on Trichuris in the cecum is explained by its ability to 
pass through the digestive tract of the dog and to be excreted in the feces with a 
large share of its proteolytic activity intact. 

We nish to acknowledge the assistance of The Samuel S. Pels Fund for the 
means to carry on this investigation. 
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Intravenous injection of water soluble bismuth compounds is not used clini- 
cally because of the relatively high toxicity, which had been shown experi- 
mentally and confirmed in the few clinical trials that have been reported. 

H. Beennan, 1932 (1), found reports of five acute deaths of human patients from intra- 
venous injection of bismuth compounds. The following abstract is typical of such occur- 
rences: S. H. Curtis, 1930 (2), had used intravenous injections of a solution of “bismuth 
tartrate” (presumably sodium bismuth tartrate) in ten patients, without any reactions. 
He injected the equivalent of 15 ragm. of bismuth (approximately 0.25 mgm. per kilogram 
of body weight) in5co. of sterile distilled water, weekly for ten doses. An eleventh patient, 
however, a young man in good physical condition, reacted to each of the ten injections with 
abdominal pain and one or two watery stools. A month later another course was started, 
but the patient died within five minutes of the first injection, with stormy symptoms’ of 
colloidoclastic shook, cyanosis, collapse and immediate loss of consciousness. 

The introduction of the slow intravenous drip method of administering rela- 
tively large doses of neoarsphenamine and mapharsen (3), suggested to Dr. 
H. N. Cole that similarly slow injection of bismuth salts might decrease their 
toxicity sufficiently so that they could be utilized, especially as the experimental 
fatalities from intravenous bismuth administration often occur suddenly during 
or very shortly after the injection, suggesting flocculation, which could perhaps 
be avoided by slow intravenous injection. In any case the phenomena of intra- 
venous bismuth injection called for further study, especially in comparison with 
the central nervous symptoms that are so prominent in poisoning by alkyd bis- 
muth (4), and which are absent in ordinary bismuth poisoning. The difference 
could conceivably be due to the more rapid absorption of the alkyl compounds. 
It also appeared desirable to make quantitative studies of organ distribution 
and of blood concentration of bismuth when the dosage entering the blood could 
be absolutely controlled. For comparison, studies were made with single injec- 
tions in ten to thirty minutes (“fast injection”), and in four to ten hours (“slow 

* This investigation was supported by a grant of the John and Mary R. Markle Founda- 
tion. A preliminary communication was presented to the American Societj’ for Pharma- 
cology and Experimental Therapeutics at its meeting of April 15-19, 1941, in Chicago. 
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injection”), and vith injections, slow or fast, repeated daily up to five da 5 'S. 
The studies were begun on unancsthetized rabbits, and extended to dogs, without 
and with anesthesia. 

Method for prolonged intravenous injectionof unanesiketized rabbits. — ^The animal ig placed 
in a rabbit injection box like that described by D. B. Jackson, but vdlh several large boles 
bored through the sides and bottom for ventilation. The head protruded through the V- 
shaped cut and was freely movable. The box was placed in a trough tilted to drain urine 
through the bottom boles. After the hypodermic needle (usually gauge 22 or 24) had been 
inserted into the marginal ear vein and clamped to the ear by means of an artery clamp, the 
ear was fastened to the lid. This arrangement served at least twelve hours, if the needle 
was nearly parallel to the vein, and the fiow of solution was not too slow. The solutions 
for slow injections were prepared by dissolving the calculated dolly amount of the bismuth 
compound together with 12.6 grams of dextrose in 250 cc. of distilled water. The mixture 
was placed in a liter flask which was painted with aluminum on the outside to retard the 
action of light. A Murphy drip tube, previously calibrated for size of drops, was then at- 
tached and the flow regulated by means of a pinch clamp. Under ordinary conditions the 
flow was 0.5 cc. (about eight drops) per minute, the total injection lasting about eight hours. 
Three types of water soluble bismuth compounds were used, as represented by sodium 
bismuth etiraie, sodium bismuth tkioglycollote (thioblsmol) and so^tsmtnol.* The dilute 
solutions o! these compounds flocculate slowly on standing, flrst the tbioglycollate, then 
the citrate, and last the sobisminol. Under the conditions of our experiments a Tyndall 
effect was observable in one to four, six to eight and eight to twelve hours, visible floccula- 
tion in four to six, eight to sixteen, and sixteen hours, respectively. None of the fresh 
solutions produced visible tuibidity in dog or rabbit serum in less than two hours when 
added in vitro. 

Toxic effects in rabbits. The outcome of the injections may be grouped 
as acute fatality, delayed death, and indefinite survival. The acute deaths 
include the animals that died during or shortly after an injection. The symp- 
toms were typically those of flocculation shock. Death was preceded by 
dyspnea, salivation and asphj'Tdal convulsions. Autopsy showed pulmonary em- 
physema (“butterfly lung”). The delayed deaths occuvTedm 12 hours to 27 days, 
the time generally varying inversely with the dose. Death was due to nephritis. 
Extensive edema was present in the animals. No other signs were observed, 
except that the characteristic black deposits of bismuth occurred in the cecum. 
The indefinite survivals were killed 30 to 57 days after injection. The animals 
in this group did not show any signs of tmdeity during life, and nephritic changes 
when present were of a much less degree than in the delayed deaths. 

The nephritis and edema are evidently related to the severity of the intoxica- 
tion and the time of survival. Edema was observable in about 20 per cent of 
the acute, 30 per cent of the subacute, 05 per cent of the delayed, 10 per cent of 
the late fatalities, and in none of the animals that survived indefinitely. Severe 
nephritis was present in all the fatalities. It was much more moderate in the 

* Sobisminol Solution, N.N.R., coatmns “a complex organic bismuth product the chemi- 
cal nature of which has not been fully established. It is obtained by dissolving the products 
of the interaction of sodium bismutbate, triisopropanolamine and propylene glycol in a 
mixture of propylene glycol and water. Each cubic centimeter of the solution contains 
between 19.5 and 20.5 rogm. of bismuth and 0.6 cc. of propylene glycol.” 
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animals that survived and were sacrificed after four weeks; in some of these no 
nephritis was noticeable on gross examination. 

Fatal doses. — Table 1 presents the fate of the rabbits TOth single fast injections 
of the various bismuth compounds, arranged in descending order of dosage. 
They show that the LDco (the dosage that is lethal for two thirds of the animals), 
when injected intravenousl}' into rabbits in about ten minutes, corresponds 
approximately to 4 mgm. of Bi per kilogram of body weight with sobisminol, 
to 2.6 mgm. with the citrate, and to 3.5 mgm. with the thioglycollate. Excluding 
the acute fatalities from these data does not change the LDcc. The difference in 
the LDce of these compounds, as related to fast intravenous injection, is not 
large and may fall within the limit of statistical error. Our figure for sobisminol 
agrees closely with those given by Hanzlik, Lehman and Richardson (5), viz. 
4.2 for LDee, 6.3 for LDmo; that for sodium bismuth citrate approximates that 
of Longley, Clausen and Tatum (6). With thioglycollate, Gruhzit, Lyons and 
Perkins (7), reported an LDmo of 8 to 10 mgm., which is almost three times 
our LDtc figure. 

Table 2 presents the toxicity of “slow injections.” With these, the LDts is 

10.5 mgm. with sobisminol, 5.0 %vith the citrate, 2.8 with the thioglycollate. 
Comparison of the fast and slow injections shows that %vith the latter method the 
toxicity of all is reduced approximately by one half, excepting the thioglycollate, 
which appears actually more toxic with slow than with fast injections. This 
is due to the high incidence of acute fatalities during or at the end of the injec- 
tion, and is perhaps caused by a physical change of the labile thioglycollate during 
the slow injection, or during the prolonged sojourn in the blood-stream which 
was sho^vn by studies of its blood concentration in dogs; these data nill be 
presented later in the paper. 

Table 3 shows the fate of the rabbits nith repeated slow injections, the aim 
being to administer five equal fractions on successive days, by the technic de- 
scribed for single slow injections. The results appear too irregular to assign a 
definite L.D. The complication is due chiefly to the incidence of fatalities 
during or shortly after relatively small final doses. Our impression is that 
spreading the dosage over five days decreases the late toxicity somewhat, but not 
to a practically important extent, and that it increases the liability to acutely 
fatal reactions in a very dangerous degree. 

Incidence of acute deaths. — Animals that die during or within a few minutes 
after the injection show pulmonary distention and other phenomena of floccula- 
tion shock, differing materially from the fatalities that occur later. They evi- 
dently belong to a different category. In a sense they are “accidental,” in- 
volving some peculiar factor which is not clearly related to the dosage. The 
fatalities with single fast injections occur with relatively small doses (3.5 and 

2.5 mgm. for sobisminol, 5 mgm. for the citrate), and at a considerably higher 
dosage wth slow single injections (14.2 and 38 mgm. for sobisminol; 15 mgm. for 
citrate; 34, 25, 18, 4 and 2.8 for thioglycollate). The incidence (the ratio of 
acute deaths to all injections) is about twice as great for fast as for slow single 
injections with sobisminol (fast, 2:9; slow, 2:20) and citrate (fast 1:9; slow 
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1:16). Thioglycollate shows a peculiar behavior, since none of the six rabbits 
with fast injections died, but 5 out of 9 did with slow injection. We suspect 
that this may be due to the instability of the thioglycollate solution during the 


TABLE 1 

Outcome of single fast intravenous tn- 
fection of bismuth compounds for 
rabbits 

The bismuth compound was dissolved 
in 5 ec. of 6 per cent dextrose and in- 
jected, generally at the rate of 0.5 cc. 
per minute, so that the total injection 
usually required 10 minutes. 


DOSEiUUaK. 

Bipebxom. 

BOBISUIMOL 

NftBk 

eiTRXTK 

Na Bi 
THIO- 
OLTCOL* 
LATE 

« 



+ ld. 

7 



+ 4d. 

- fi 

+ 4<1. 

+ 6m. 


8 

+ 8d. 

+ 8d. 


3.8 

Md of Inj. 


+ 21 d. 

3.8 

KSf d. 


+ 2d. 

3.8 

E37 d. 



3.0 


+ 8d. 

+ fld 

3.0 


+ 8d. 

K37d. 

3.0 


+ 10 d. 

K4t d. 

3.0 


K41d 


3.8 

+ duria( iQj. 

+ nd 


3 5 

K3Sd. 

+ 14d. 


3.8 

K43 d. 

+ 83d 


3 0 

K3Sd. 



LDm 

4 asm. 

2.8 ngm 

3.8 mgm. 

(approx ImAte) 





AbbrevUtiona: d ■» day; m, = min ; + “ tima of 
death; K = time of sacrifice; h » hour. 


TABLE 2 

Outcome of single slow intravenous in- 
jections for rabbits 

Most of the injection volumes were 250 
cc. in 8 hours; some 600-600 cc. in 10 to 
14 hours. 


ftosB abVou. 


Na Bi 

NaBiTHio- 

Bi rzii:xoM. 


CITMTB 

oltcollatb 

34-40 

+ dur.lnj. 
+ ld. 


+ dur. Inj. 

25-28 

+ Sd. 

+ Sd. 


+ dur. inj. 

18-20 

+ 3d. 

+ 3d. 

+ 6d. 

+ dur. iaj. 

+ eod of Ini 

+ end of inj. 

12-18 

+ 6ri. 

+ ld. 

+ 4d 


+ 8d. 

+ 8d. 

+ ied. 

+ 3d. 


10-11 

+ 6d. 

+ 8d. 



+ 7d 
+ I0d. 

+ 10d 

K3S d. 
K32d. 

+ 9d. 


V.5 

KSSd. 



9.0 

K71)d. 



8.0 


+ »d. 

ESOd. 


7.0 


+ 4d. 

+ 4d. 


6.0 


+ 2d. 

+ Sd 
+ 10d. 


6.0 


+ ed. 

+ 18d. 
K67d. 


4.0 



+ end of inj. 

2.8 



+ dur. inj. 

2 5 


KS7d 

+ 14d 

ESI d. 

K 81 d. 

LDk 

10.8 mgm. 

5.0 tngm. 

2.8 Dgm. 

(apprOKimste) 





long injection, although special care was taken to minimize this by protecting 
the solution against light and by renewing it at one to four hour intervals. 

The incidence of acute deaths appears distinctly higher forrepcated injections 
than for single injections, double in the case of sobisrainol (3:14 repeated as 
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against 2 : 20 for single) ; four times for citrate (2 ; 8 repeated, 1:16 single) . For 
thioglycollate, however, the incidence of acute deaths was lower for repeated 
injections (1:4) than for single slow injections (5:9). The dosage at which 
acute death occurred is strikingly different for repeated and single slow injections. 
The amount of bismuth which was injected during the last of the series of re- 
peated injections in which acute death occurred ranged between 0.7 to 2.5 mgm., 
median 1.6 mgm., while for single slow injections it ranged between 2.8 and 40 
mgm., median 16 mgm. The median dose at which acute death occurred in 

TABLE 3 


Outcome of repeated (daily) slow intravenous injections for rabbits 


MOM. Bi 
SQM. AT 
EACH 
INJ. 

fiOBIB^IIKOL 

Nft Bi CITRATE 

Na Bi THIOOLTCOLUITS 

Number 
of doses 

Total 

Bi 


Doses 

Total 

Bi 


Doses 

Total 

Bi 


16.7 

16.7; 7.3 

24 

+ 

2d. 









12 

12; 12 

24 

-f 

2d. 









3.8 









3.8; 3.8; 


+ 

end inj. 










3.8; 1.9 




2.5 

a 

11.5 

+ 

during 










4i 

10.8 

K 

38 d. 










3i 

8.75 

+ 

24 d. 


1 








3 

7.5 

-1- 

end inj. 










li 

4.25 

-t- 

15 d. 









2.0 

5 

10 

K 

39 d. 

5 

10 

-t- 

end inj. 






6 

10 

K 

39 d. 

5 

10 

K 

42 d. 






5 

10 

K 

39 d. 

5 

10 

K 

42 d. 





1 

2i 

2.7 

+ 

during 

5 

5 

+ 

end inj. 

5 

5 

+ 

8 d. 

1 

5 

5 

K 

31 d. 

5 

5 

K 

28 d. 

5 

5 

K 

34 d. 

1 

5 

5 

K 

43 d. 

5 

5 

K 

41 d. 

6 

5 

K 

48 d. 

1 

5 

5 

K 

48 d. 









0.6 





5 

2.5 

+ 

27 d. 





Fast 





5 

2.5 

K 

33 d. 





LDtt — total bis- 
muth — mgm. 
per kgm. (ap- 
proximate) 


1 

1 

1 






repeated injections is therefore only one tenth that for single slow injections. 
The proportion of such fatalities increased with the number of repeated injec- 
tions, for of the twenty six rabbits injected repeatedly, none died acutely with 
the first or second injection, two died with the third, one with the fourth and 
three vith the fifth injection. We are inclined to attribute the acute deaths 
from small doses after repeated injections to thrombosis and embolism, arising 
from trauma and inflammation of the delicate vein of the rabbit’s ear. Floccula- 
tion between blood and the bismuth solution is not materially hastened by re- 
peated injections, as was seen by layering the bismuth solutions over serum and 
also by mixing serum with the solution to obtain a bismuth concentration com- 
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parable to that during injection of intact animals. Flocculation was visible 
in I 5-2 hours and precipitation in 14-18 hours, alike in the serum of rabbits that 
had not been injected wth bismuth, and of those that were killed 4-16 hours 
after receiving five slow intravenous injections of the various bismuth solutions. 

Time of death in relation to dosage. — ^Figure 1 show’s that the dosage has a 
marked effect on the time of sur\*iv'al, both with slow and with fast injections. 
The average dosage of bismuth that kills rabbits in one day is 18 mgm. per 
kilogram, %vith slow' injection; half of this dosage requires an average of nine 
days to kill. With fast injection, an average of 9 mgm. is fatal in one day and 
half of this kills in five days. The curves are somewhat parabolic; they are 
similar for the three compounds and for fast and slow injections; the few data 



Fig. 1. Helation of Dosage to Survival Time, -n’lTn Intravenous Injections of 
Bismutu Salts 

on repeated injections also run in the same direction. Rabbits that survive 
ten days generally recover. 

Comparison of bismuth toxicity with intramuscular injections of watery solutions. 
— Even the slow intravenous injections are considerably more lethal to rabbits 
than intramuscular injections, for according to the data recorded in the literature 
the intravenous fatal dose is probably of the order of one fifth to one tenth that 
of the intramuscular injections. 

More accurate comparisons arc not feasible since the published data involve different 
criteria of survival and different periods of observation. For sobiemlnol, whose median 
LDti we found to be 10.5 mgm. per kilogram by slow intravenous injection, Ilanzlik, Lehman 
and Richardson (5), found a LDuo of 77 mgm. per kilogram for intramuscular injection, a 
ratio 1:7. For sodium bismuth citrate w'e found 5 mgm. for slow intravenous injection. 
Longley, Clausen and Tatum (6) give 10 mgm. aa a “tolerated” intramuscular dose, a ratio 
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of 1:2. Leonard (8) reports 200 to 300 mgm. as the LDioo, a ratio of 1:40. For sodium bis- 
muth thioglycollate u-e found 2.8 mgm. for slow intravenous injection; Gruhzit, Lyons and 
Perkins (7) give the LDioo as 10 to 12 mgm., a ratio of 1:4. 

Toxic effects in dogs. Intravenous toxicity for unanesthetized dogs . — ^The 
animals were trained daily for a week by loose strapping with elastic bandage to 
an animal board, and by fixed extension of the leg in which injections were to 
be made. Following the training period there was no serious difficulty in in- 
jecting the bismuth in 500 cc. of 5 per cent dextrose solution into the pedalic 
vein over periods of 4^ to 8 hours. Sobisminol was administered to all animals 
excepting one, which received the citrate. Three dogs that received a single 
slow intravenous injection of sobisminol in doses corresponding to 11, 7, and 7 
mgm. bismuth per kilogram died in 3, 5 and 5 days respectively. Two injected 
with 5 mgm. of Bi as sobisminol and one with 3 mgm. as citrate survived in- 
definitely and were killed in 90, 36 and 60 days respectively. The LDeslay 
between 7 and 5 mgm. per kilogram, i.e., about half the LDes of rabbits given 
slow intravenous injections (10.5 mgm.). Dogs appear therefore somewhat 
more susceptible to intravenous bismuth poisoning than are rabbits, inagree- 
ment with the observations of Levaditi (9) and Brabant (10), but thedifference 
is not beyond the range of statistical error. Repeated slow injections were made 
in two unanesthetized dogs each receiving five injections of sobisminol on suc- 
cessive days; one dog was given 2 mgm., the other 1 mgm. of Bi in each injection, 
making the total dose 10 and 5 mgm. respectively. Both survived until they 
were killed, after 38 and 34 days respectively. Although the data' are few they 
indicate that perhaps a somewhat higher total dosage may be tolerated if it is 
spread over several days. The symptoms in delayed poisoning in dogs as in 
rabbits appeared to depend solely on the degree of kidney damage, and this in 
turn on the dosage of bismuth. Fatal cases developed the lethargy of uremia. 
If the dose was less than fatal, the animals remained in apparent good health 
during the observation period. Wlien they were sacrificed the autopsy revealed 
var 3 dng degrees of kidney damage. There were no indications of bloody diar- 
rhea, peripheral neuritis or encephalopathy. 

Toxicity of intravenous injections in anesthetized dogs . — This was observed in- 
- cidental to the study of the rate of disappearance of bismuth from the blood. 
The dogs were under barbiturate anesthesia (sodium isopropyl ethyl barbiturate 
75 mgm. kgm. or sodium isopropyl allyl barbiturate 50 mgm. kgm.). The slow 
injections were made as in the unanesthetized dogs. Death occurred acutely 
at the end of the injection in the three dogs that received sobisminol in ten 
minutes; the dose of Bi was 2 mgm. per kilogram in one dog, 4 mgm. per kilogram 
in the others. The other 12 dogs survived at least 4^ hours after the end of the 
injection of 4 mgm. per kilogram of bismuth; two of these dogs were injected with 
sodium bismuth thioglycollate in ten minutes, two with sobisminol in twenty 
minutes, two with sobisminol and six with thioglycollate for 4? hours. One of 
the latter died 4^ hours and one 36 hours after the end of the injection. It 
would appear that sobisminol is especially liable to produce acute death in 
anesthetized dogs if it is injected rapidly, i.e., within ten minutes, and that sub- 
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acute death may occur even ■with slow injection of the thioglycollate in the dose 
of 4 mgm. of Bi per kilogram which did not cause death in any of the nonanes- 
thetized dogs. The explanation of the apparent potentiating effect of anesthesia 
on the acute and subacute bismuth toxicity is not clear. 

Sojourn of bismuth in the blood . — ^The difference in therapeutic and toxic effects 
of slow and fast intravenous injections of bismuth compounds would depend 
chiefly on the level of concentration that is attained and maintained in the 

TABLE 4 


Bismuth coneeniralion in blood of dogs (mgm. Bi per 100 cc. of whole blood) after intravenous 
injection of soluble bismuth salts, in the ratio of 4 mgm. Bi per kgm. of body weight. 
Barbiturate anesthesia 


A. rABTiNJCCtioKS (TnioBisuoL M 10 utK.: eoDiaaoNot. IN 20 um.) 

24 BOtnis 

res CENT or 
BISMOTU 
TOICn HAS 
LEFT BLOOD 
STBEAU BY 

END or 
INJECnON 

Dog 

bet 


Compound 

Time (minutes) After end of injection: 

0 

10 

30 

60 

270 


ksm. 










2 

17.0 

Thiob. 

0,482 

0,282 


0.111 

0.105 



6 

17.7 

Thiob. 

0.355 

0.214 

0.220 

0.177 

0.094 



11 

24.7 

Sobis. 

1.16 

0.81 

0.355 

0.200 

0.120 



12 

15.6 

Sobia. 

0.800 

0.308 

0.20S 

0 132 

0.036 

■ 


B. R.0WtNJECTI0yS(4|T08| boobs) 

■ 





During injection 

After injection 






ao min. 

,90 min. 

End 

30 min. 

60 min. 

ZTOmin. 



3 

24.0 

Sobis. 

0.071 

0.174 

0.247 

0.100 

0.0S2 



94 

8 

13.6 

Sobia. 

0.054 

0.084 

0.100 

0.070 

0.044 

0.021 


97 

4 

2S.0 

Thiob. 


0.071 

0 350 

0.357 

0 384 

0.342 


92 

7 

13.9 

Thiob. 

0.121 

0.142 

0.200 

0.166 

0.200 

0.2U 


95 

13 

15.3 

Thiob. 

0.077 

0.110 

0.130 

0.093 

0.077 

0.074 


97 

14 

17.5 

Thiob. 

0.038 

0.092 

0.133 

0.100 

0.075 

0.056 


97 

9 

24.6 

Thiob. 











Plasma 

0.069 

0,383 

0 440 

o.m 

0.300 

0.182 


87 



Cells 

0.011 

0.063 

0.0S9 

0.098 

0.063 

0.025 



10 

24.6 

Thiob, 











Plasma 

O.OSl 

0,355 

0.325 

0.250 

0.2S5 

0.120 

0 051 

91 



Cells 

0.0-10 

0.032 

0.076 

0 098 

0.068 

0.051 

0.051 



blood. This was studied on dogs under barbiturate anesthesia (same as above), 
by injecting 4 mgm. of bismuth per kilogram of body weight, cither as sobisminol 
or as sodium bismuth thioglycollate, ns fast injections in 10 minutes for thio- 
glycollate, in 20 minutes for sobisminol; and as slow Injections in 4^ to 5 J hours for 
both. Samples of blood representing 5 cc. per kilogram were tvithdrawn at the 
end of the injection, and at 10, 30, 90 and 270 minutes after the end of the in- 
jection; in slow* injections samples were also taken at a half hour and 1^ hours 
during injection. The samples, about 100 cc. each, were analyzed by the method 
described below for rabbit organs. The results are shown in table 4 as milligrams 



.3i.pei' looca. -whole, blood. 


Retention, of Bi. in the Boo-js Blood. 
(-median val-ues) 
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of bismuth per 100 cc. of whole blood; the medians are plotted as curves in 
figures 2, 3 and 4. 

With the fast injections, the fall of bismuth concentration is represented by 
parabolic curves wliich are fairly parallel in the four experiments, although the 
initial concentration vms about twice as high for sobisminol injected in 20 minutes 
as for the thioglycollate injected in 10 minutes. The median concentrations, 
as shown in figure 2, averaged 0.641 mgm. Bi per 100 cc. at the end of the in- 
jection; this had fallen to somewhat less than half (0.295 mgm.) in ten minutes, 
to about one third (0.220 mgm.) in 30 minutes, to one fourth (0.155 mgm.) in 
90 minutes; and to one sixth (0.100) in 4^ houre. By this time the concentration 
curve Avas almost horizontal. With the slow injections (4^ hours) the median 
concentration of the six experiments, as shown in figure 2, rose slowly during 
the injection, in the form of a parabolic curve, to 0.167 mg. Bi per 100 cc. of 
whole blood, and then descended as a parabolic curve, to three-fifths (100 mgm.) 
in a half hour, to half (80 mgm.) in I5 hours, and from there it was almost hori- 
zontal. Comparing the median data and curves of the fast and slow injections, 
it appears that the bismuth concentration at the end of the injection is about' 
four times higher in the fast than in the slow injection, but that the difference is 
of rather short duration. In about two hours after beginning the injection the 
blood concentration is about the same for fast and slow injections. The total 
bismuth equivalent of the blood expressed by the area of the median curves (the 
product of concentration multiplied by time) is about 19 per cent greater for the 
fast than for the slow injections, and in this sense and to this degree the fast 
injections would appear to have greater efficiency (toxic or therapeutic) than the 
slow injections. However, this difference may not be statistically significant. 

Further examination of the six slow injections shoAs-s that they fall into three 
groups, each with two experiments of almost identical concentration curves, 
shown in figure 3: The two sobisminol animals (3 and 8) and two of the thio- 
glycollate animals (13 and 14) give verj' similar figures, with the typical parabolic 
rise of concentration during the injection and the inverse parabolic fall after the 
injection. The other two thioglycollate experiments (4 and 7), however, gave 
a materially different curve: The ascending limb of the curve during the injec- 
tion did not flatten out but reached a median level twice as high as that of the 
other two thioglycollate animals, and when the injection was stopped the con- 
centration did not fall but continued practically horizontal for the 4^ hours of 
observation. In other words, the bismuth did not leave the circulation, as it 
did in the other animals, indicating that the thioglycollate bismuth is liable to 
pass into nondiffusible, presumably colloidal form in the course of the injections. 

Fi r r ‘ • . T' . . 

Fio. 2 shows the median concentration after fast (solid line) and slow (broken line) 
injections and their time-relations. 

Fia. 3 shows the average bismuth concentrations after slow injection of sobisminol 
(solid line) and two specimens of thioglycollate (broken and dotted lines). 

Fia. 4 shows concentration of the average bismuth blood plasma (solid line) and cor- 
puscles (broken line). 
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This tendency varies in different specimens, those of injections 4 and 7 coining, 
from one lot, those of 13 and 14 from another. 

The concentration curves of plasma and corpuscles were determined separately 
in two dogs killed by thioglycollate injections (of the same lot as 13 and 14). 
The median curves (fig. 4) show that thioglycollate bismuth enters and leaves ' 
the red blood cells much more slowly than the plasma, so that the bismuth 
concentration ratio of plasma; corpuscles stands about 4.4:1 at the end of the 
injection, 4: 1 at Is hours after the injection, and 1 : 1 at the end of 24 hours. 

The speed with ivhich the bismuth leaves the blood during the injection may be 
calculated by deducting from the quantity injected (4 mgm. per kilogram) 
that which remains in the blood at the end of the injection (the concentration, 
in milligram Bi per 100 cc. of blood, multiplied by the normal blood volume, 90 
cc, per Idlogram of body weight). The percentage of bismuth which has left 
the blood by the end of the injection is shoivn in the right-hand column of table 
4. It averages 90 per cent for thiobismol injected in 10 minutes; 78 per cent for 
sobisminol in 20 minutes, 95 per cent for thiobismol in 5 hours, 95.5 per cent for 
sobisminol in 5 hours. 

The bissiuth concentration of rabbit organs after intravenous in- 
jection OF bismuth. This is important especially as a basis of comparison with ^ 
clinical administration, for while it is questionable whether bismuth is thera- 
peutically active after it has been deposited in the organs, their bismuth content 
reflects the amount of bismuth that has passed through the circulation. Analyti- 
cal data on clinical material are available for such comparisons, as are also results 
with intramuscular administration to animals. The analyses of the present 
series were performed cliiefly by G. H. Mangun, with the method used in pre- 
vious work in this laboratory (11), with the following modification which short- 
ened the time necessary for analysis. Wet ashing was replaced by muffle ashing 
at 500°C. for 12 to 24 hours, after about 1 to 100 grams of tissue had been 
evaporated ivith five times its weight of concentrated nitric acid and a few drops 
of caprylic alcohol to prevent foaming. The reading was made with a IQett- 
Summerson photoelectric colorimeter. An average determination can be 
completed in 24 to 48 hours. 

The analyses give the bismuth content as milligrams of bismuth per 100 gram 
of organ with its natural moisture. Since it may be expected that the dosage 
would have a very material effect on the concentration, this has also been reduced 
to a unit dosage, giving a quotient: 

concentration = mgm. Bi per 100 grams of organ 
dosage = mgm. Bi administered per kilogram of animal 

For convenience we may designate this as “bismuth retention quotient” (B.R.Q.)- 
The time which elapsed between the injection of bismuth and the death of the 
animal is another factor which would influence the organ content. From this 
standpoint, the experiments were grouped under five headings : (A) Acute death, 
occurring within two hours after injection; (jB) Early death, occurring within 
two hours to one day after injection; (C) Delayed death, occurring > one to 
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8 days after injection; (D) Late death, occurring > 9 to 24 days after injection; 
(E) Indefinite survival, killed in 30 to 69 days. A selection of 79 animals for 
analysis was made from these groups so as to give representation to fast and 
slow single injections and to repeated injections of various dose ranges of the 
three bismuth compounds studied. In practically all of these the bismuth was 
determined in the kidneys, liver, lung and spleen, and in a few animals also in 
other tissues; the data represent a total of about 350 bismuth determinations. 
The B.R.Q.'s were calculated and tabulated in relation to the three compounds 
studied, to their dosage, to the speed of injection, and to single and repeated 
injections, so as to learn what effect these factors have on the retention of bis- 
muth. Space is not available for the display of the individual data, so thatwe 
must be content to summarize the results: Wlien the bismuth-retention quo- 
tients are plotted in decreasing sequence against varying doses of the three com- 
pounds, these sequences are scattered so irregularly that the two factors, dose 
and compound, do not appear significantly to alter the quotients. Nor are there 
consistent and significant differences between fast and slow injections. Re- 
peated injections give somewhat lower figures than single injections, presumably 
because part of the bismuth is eliminated between the first and last day of injec- 
tion. The difference, however, is slight, except in one or two instances in which 
it may have been accidental. 

It seems justifiable therefore to base conclusions on the medians of the entire 
series. These arc shown (with the range) in table 5. The concentrations in 
the kidneys and lungs fall with time in fairly smooth parabolic curves. The 
liver concentration appears to rise for a day, but this may be accidental since 
the one-day data are few. It then declines parallel to the kidneys and lungs. 
According to the data of the smoothed curves, the concentration in kidney, liver 
and lung falls to about one half between the end of the first and fifth day after 
injection, to one fourth by the tenth day, to one eighth by the fortieth day. 
The spleen concentration follows a different course, rising markedly to the fifth 
day and then declining much more abruptly tlian that in other organs. It ap- 
pears therefore that the kidneys and lungs store bismuth rapidly, the liver and 
spleen more slowly. Table 6 expresses the median concentration of Bi in these 
organs as percentages of the kidney concentration. The liver ratio is seen to rise 
progressively with the lapse of time, from 17.1 per cent immediately after in- 
jection to 46 per cent after 41 days, so that the liver retains bismuth more te- 
naciously than the kidneys. The ratios in the lung and spleen rise for 5 days, 
from 6.8 to 13.8 per cent for the lung, from 11 to 93 per cent for the spleen, but 
after this time they drop more rapidly than those in the kidney. The tenacious 
retention therefore appears peculiar to the liver. This may be connected with 
storage in the rcticulo-endothelial system. 

The bismuth concentration in the fiuids is showm in condensed form in table 7. 
The number of animals is not sufficient to establish relations for dosage and bis- 
muth compounds, except that these were less than the accidental variations. 
They are therefore disregarded. The principal deductions are, (I) that the bis- 
muth concentration of the urine and blood sinks to insignificant traces after 6 or 
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7 days; the urine concentration averages about 10 times that of the blood, the 
peritoneal edema fluid about one and a half times that of the blood (presumably 
because of the lower concentration in the blood corpuscles). {2) Till the fourth 
day the blood concentration averages about one-fifteenth of the liver concentra- 

TABLE 5 


Bismuth concenlralion in organs of rabbits 



A. ACOTE DEATn 
(within i HOUR 
ATTEB injection) I 

B. EARLT BEATJI 
(2 HOURS TO 

1 DAT) 

c. DELATED DEATH 
(1 TO 8 DATS) 

1 

D. LATE DEATH 
(0 TO 24 DATS) 

E. SACRinCED 
(28 TO 60 DATS) 

Number of ani- 
mals ana- 
lyzed 

12 

6 

23 

13 

25 


Concentration of Bi (mgnj. per 100 grams of fresh organ) 


Kidneys 






Range 

1.94 -^3.4 

4.32 -8.62 

0.57 -6.8 

0.32 -2.7 

0.05 -1.19 

Median 

8.0 

6.12 

1.78 

0.83 

0.27 

Laver 






Range 

0.14 - 8.6 

0.52 -6.93 

0.07 -3.58 

0.06 -0.91 

0.03 -0.28 

Median 

1.37 

1.72 

0.58 

0.296 

0.124 

Imng 






Range 

O.OS -11.9 

0.07 -0.53 

0 -1.09 

0 . -0.37 

0 -0.05 

Median 

0.S4 

0.15 

0.245 

0.03 

0 

Spleen 






Range 

0 - 5.9 

traoe-5.38 

0 -6.05 

0 -1.78 

0 -0.235 

Median 

0.89 

0.77 

1.65 

trace 

0 


Bismuth-retention quotient (concentration divided by dosage as mgm. Bi per kgm. of 

body weight) 


Kidneys 






Range 

0.25 - 2.46 

0.15 -1.72 

0.077-1.36 

0.036-0.360 

0.005-0.180 

Median 

0.800 

0.671 

0.163 

0.204 

0.076 

Liver 






Range 

0.034- 0.890 

0.082-0.176 

0.009-0.266 

0.018-0.091 

0.003-0.087 

Median 

0.084 

0.139 

0.053 

0.054 

0.023 

Lung 






Range 

0.016- 0.313 

0.013-0.029 

0 -0.232 

0 -0.074 

0 -0.009 

Median 

0.061 

0.022 

0.020 

0.002 

0 

Spleen 





0 -0.067 

Range 

0 - 0.520 

trace-0.359 

0 -1.20 

0 -1.78 

Median 

0.101 

0.0S3 

0.210 

trace 

0 


tion; the urine concentration averages about a third that of the kidney till the 
sixth day. After this the concentration falls much more rapidly in the fluids 
than in the organs. (S) The concentration in the gall bladder bile follows a some- 
what different course: Only a trace is found at the end of the injections, but it 
remains at relatively high levels from one to 9 days (the latest that was exam- 
ined) . It averages two-thirds of the liver concentration and in one rabbit the bile 
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table 6 


Median btsmuth concentration of rabbits, organs as percentage of kidney concentration 


OBOTTP 

UEDIiJf TIUB OP DEATH 

tlTZR 

Ltnfo 

ePLZEN 

A 

End of injection 

' 17.1 

6.8 

11.1 

B 

1 day 

28 

2.4 

11.0 

c 

6 days 

32.7 

13.8 

93.0 

D 

10 days 

36 

3.6 

trace 

E 

41 days 

46 

0 

0 




TABLE 7 


Bismuth eoneentration 

in fiuid of rabbits (at lime of death) 

Tiue or DEATH j 

KOW- 

BEDOP' 

*K1- 

1 BteUDTBCONCBNTItATION, UOU 
.PER 100 CC. (BAMOE) AMD UEDIAH 

Bisurrm COMCEmRATlOH AD 
PEBCENTAOE OP COMCEKTRA- 
noM fN OTHER PLOIDe OB 
OROANS or SAHB ATOUALS 
(BANOE) AND UEDIAM 

Urine in bladder at time of death 


End of injection (S hours). . .... 

4 

(0.38-7.6) = 1.6 

(4.6-127) =27% of kid. 
neys 

1 day 

4 

(0.34-3.1) « 1.8 

(4-51) “ 29% of kidneys 

3 to 6 days 

6 

(tracc-0.89) • 0.64 

(trace-70) » 33% of 
kidneys 

7 to 9 days 

7 

(0-0.67) = 0.05 

(0-11.2) « 3% of kid- 
neys 

19 days 

1 

trace 

trace 

28 to 67 days 

4 ' 

0 

0 


Blood 


End of injection 

1 

j 0.065 

3% of urine; 2.3% of 
liver 

3 and 4 days 


(0.06 and O.OS) = 0.07 

(9.6 and 39) = 25% of 
urine; 7.3 and 9.2 « 
8.3% of liver 

7, 8 and 10 days 

3 

(trace to 0.195) «= trace 

trace 

26, 66 and 69 days 

3 

(0 to 0.009) » 0 

0 


Feritoocal cdcnin fluid 




(trace-0.167) = 0.015 

4 days = 140% of blood; 
(13 and 20) = 16.5% 






of liver 


Bile in gall bladder (sobisminol injected) 


End of injection 

1 

trace 


1 day 1 

2 

(1.9 and 3.03) = 2.6 ^ 

(43 and 66) = 55% of 
liver 

3, 6 and 9 days 

3 

(0.33 to 3.22) = X.34 | 

(44 to 230) = 85% of 
liver 
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concentration was 2} times that of the liver. In a rabbit d 3 Thg on the first day 
after injection the bile and urine concentration were about equal; in another 
dying seven days after injection, the bismuth concentration in bile was ten times 
that in urine. Sobisminol had been injected in all rabbits whose bile was 
examined. 

Bismuth determinations in other solid organs . — rabbit that died acutely at the 
end of the slow injection of a large dose of sobisminol (38 mgm. Bi per kilogram) 
gave the following bismuth concentrations (mgm. Bi per 100 grams) : Skeletal 
muscle, 0.31; bone, 0.333; brain, 0.42; heart muscle, 2.8; intestines, 2.8. The 
concentration in the heart muscle and small intestines was about nine-tenths 
that of the liver; in the skeletal muscle and bone, about one tenth. The rela- 
tively high Bi content of the heart muscle may have been due to retention of bis- 
muth flocculations in the coronary capillaries. The intestines offer a special 
problem by the precipitation of bismuth sulfide in the mucosa of the large in- 
testines, especially about the spiral valve of the cecum. The small intestines 
usually contain only a fraction of the liver concentration of bismuth (0.071 mgm. 
per 100 grams in one day, 0.74 in three days, trace in fifty seven days, one rabbit 
each). The stomach in a one day rabbit contained 1.71 mgm. per 100 grams. 
The large intestines, however, contained 13.1 and 13.4 mgm. per 100 grams, in a 
one day and a three day rabbit, 20 to 200 times as much as the small intestines, 
3 to 4 times as much as the kidneys, 4 to 5 times as much as the liver. The mu- 
cosa alone is responsible for the high concentration: In a one day rabbit, the 
concentration in the mucosa of the cecal valve was 17.6 mgm. per 100 grams, 
that of the underlying intestinal muscle was 1.55 mgm. per 100 grams. Even 
57 days after injection the mucosa of the cecal valve of a rabbit gave 7.31 mgm. 
Bi per 100 grams, 53 times the concentration in the liver. The mucosal deposits 
are therefore retained with great tenacity, but it may be seen from the color that 
they undergo chemical changes; up to five weeks they have the browm'sh black 
color of bismuth sulfide, and subsequently they bleach slowly to the gray of 
metallic bismuth. Some of the animals sacrificed after 10 weeks showed no bis- 
muth stain. The feces e.xamined in one rabbit, which died three days after in- 
jection, had a bismuth concentration, 5.97 mgm. per 100 grams, 30 times the 
concentration in the urine. 

Comparison with the data of other authors shows a bismuth retention quotient in 
rabbits’s kidneys and liver identical with ours for the intravenous injections of 
sobisminol (Hanzlik, Lehman, and Richardson) (5). The intramuscular in- 
jections of watery solutions (sodium bismuth citrate and tartrate, Leonard et al.; 
sobisminol, Hanzlik et al.) give organ concentration of 6 to 14 per cent of equal 
doses bj"^ intravenous injection. With intramuscular injections of oil suspensions 
of the tartrate or citrate (Leonard et al.), the difference is not so great, but the 
organ concentration averages less than half (24 to 45 per cent) of that of equal 
doses by intravenous injection. 

The bismuth concentrations in the organs of dogs. These were studied 
in nine animals, some with and some without anesthesia, with intravenous in- 
jection of 4 to 13 mgm. of Bi per kilogram, in the form of the three compounds. 
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2 vith fast and 7 \vitli slow injections. The data are irregularly distributed 
among these factors, so that these may be disregarded for this study. The sum- 
marized results are sliowm in table 8. Comparison of this with table 5 in which 
the results for rabbits are similarly arranged, show’ that the concentrations in all 
the organs tend to run several times higher for dogs than for rabbits with equal 
doses. The cause of this is not known, but it is conceivable that rabbits elim- 
inate bismuth faster, by urine and by precipitation of sulfide in the intestinal 
mucosa, especially in the earlier periods. This may also explain why the in- 
travenous toxicity of bismuth is somewhat lower with rabbits. 

Total bismuth distribution in the body . — Table 4 show'cd that an average of 86 


TABLE 8 

Bismuth concaUralion in organs of dogs 



A 

AT KKD 
orrABT 
(lOinN ) 
WJXCT10W 

4} BOURi 
AITES 

CHS or 
r**T (7 

iTcnOH 

41 BOtrns Amtt end or 
SLOW (41 noon) imjectioh 

c 

2 fo 4 BATS ArrzB slow 
INJECT iaSS 

31 TO 43 BATS ArrXB 
BLOW IN^BCTtONS 

Nunber •oaljied 

1 1 1 1 ! 1 8 1 3 

Conceotration of Bi (mgm. per 100 grams of fresh organ-range and average) 

Kidney 

Liver 

Lung 

Spleen 

Blood 

5.40 

0.92 

0.25 

1.06 

13.1 

0.21 

0.10 

0.30 

0.004 

8.71 -26.0 - 17.36 

0.13-0.14 - 0.14 
0.57 - 0.16 - 0.36 
0.18 = 0.18 
0.21 - 0.021 = 0.12 

6.00 -5.30 - 5.65 |o.5l -1.44 =1.26 

0.58 -0.71 = 0.65 2.05 -0.54 - 0.63 
0.063 - 0.063 0.026-0.054 - 0.050 

0.31 -0.38 - 0.85 0.04-1-0.145 « 0.144 
0.014-0.013 - 0.014 

Bismuth-retention quotient (concentration divided by dosage, mgm. per kgm. of 
body weight) 

Kidney 

Liver 

Limg 

Spleen 

Blood 

1.35 

0.23 

0.064 

0.265 

3.2S 

0.053 

0.046 

0.075 

0.023 

2.13 - 6.5 “ 4.32 
0.032- 0.036 “ 0.034 
0.143- 0.037 - 0.090 
0.W5 = 0.045 

0.053- 0.005 = 0.02S 

0.86 -0.48 = 0.67 
0.082-0.064 = 0.073 
0.009 = 0.009 
0.044-0.034 = 0.039 
0.002-0.001 = 0.002 

0.10-0.25 =0.11 
0.010-0.107 = 0.041 
0.004-0.010 = 0.005 
0.009-0.029 = 0.011 


per cent of the administered bismuth has left the blood stream of dogs in the 10 
to 20 minutes occupied by the fast intravenous injection and an average of 95 
per cent has left during the slow intravenous injections lasting five hours. The 
major part of this has gone into the tissues, the remainder being excreted by the 
urine and feces. Table 9 presents the amounts found in the kidneys, liver, lungs, 
spleen and blood of dogs after various inter\'als up to 42 days; and table 10 gives 
the corresponding and more numerous data for the kidneys, liver and lungs of 
rabbits. These tables show' the actual amounts in each organ, as milligrams 
of bismuth, and the percentage of the injected dose which this represents. The 
data for rabbits arc show'n as medians and range, to save space, without differ- 
entiation as to preparation or speed of injection, since it has been found that 
these do not materially alter the retention. 
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It will be seen that the percentage distribution of bismuth among kidney, liver 
and lung is of the same order of magnitude in the dogs and rabbits. During and 
within two hours after the injection about 3 to 5 per cent of the injected bismuth 
has gone into the kidneys, 6 to 10 per cent into the liver, 0.4 per cent into the 
lungs, 0.12 per cent into the spleen. During the remainder of the day the per- 
centage rises somewhat in the kidneys (to 7-10 per cent), and falls somewhat in 
the liver (to 1-4 per cent) and also in the spleen (to 0.1 per cent). Within the 
next week the percentage in all the organs has fallen considerably, in the kidney 

TABLE 9 


Tolal bismuth in organs of dogs after intravenous injections (number of animals analyzed, 

as in table 8) 



A 

AT EXD or 
10 UIK. 
IN/ECnOK 

B 

4i HOTOS 
ATTER END 
OP PAST 
INJECTION 

B 

4) BOtTRS ATTER 
END OP eDOW 
INJECTION 

c 

2 TO 4 DATS 
ATTER BLOW 
INJECTIONS 

E 

34 TO 42 DATS APTEB 

SLOW INJECTIONS 

Dose of Bi, mgm. 
per kgm. body 
weight 

4 

4 

4 

7 and 11 

5, 5 and 13 

Total Bi injected, 






mgm 

88 

70.8 

54.4 and 55.6 

40.0 and 73.2 

24.1, 37.0 and 72.2 


Total Bi (mgm.) in organs 


Kidneys (both) 

Liver 

Lung 

Spleen 

Blood 

2.4 

8.46 

0.11 

20.42 

6.70 

1.00 

0.268 

0.14 

1.50 

6.56 - 5.14 
0.378- 0.425 
0.152- 0.80 
0.047- — 
0.257- 2.677 

1.35 -0.90 
1.09 -2.06 
0.026- — 
0.028-0.048 
0.09 -0.09 

0.085-0.405 = 0.182 
0.135-1.954 = 0.931 
0.022-0.044 = 0.037 
0.006-0.027 = 0.018 

Percentage of injected Bi in organs 

Kidneys (both) 

2.80 

9.46 

1.20 - 9.2 

3.44 -1.22 

0.35 -0.585 = 0.49 

Liver 

9.88 

1.41 

0.69 - 0.78 

2.72 -2.82 

0.56 -2.88 = 2.57 

Lung 


0.38 

0.33 - 1.4 

0.065- — 

0.06 -0.10 = 0.09 

Spleen 

0.12 

0.19 

0.086- — 

0.07 -0.065 

0.025-0.05 = 0.038 

Blood 

23.1 

2.12 

0.47 - 4.8 

0.22 -0.12 



and liver to about 2.5 per cent, in the lungs to 0.1 per cent, and in the spleen to 
0.067 per cent. The decrease continues and in 4 or 5 weeks the kidneys contain 
about 0.45 per cent, the liver relatively more, (about 1 per cent), the lungs and 
spleen each about 0.034 per cent. These averages are approximate combinations 
of the dog and rabbit data. 

COMPAEISON W'lTH CLINICAL ORGAN BISMUTH CONCENTRATION. — Analytical 

data on the autopsy organs of twenty two patients treated clinically by courses of 
intramuscular injections of bismuth preparations, generally subsalicylate, were 
published bj' Sollmann, Cole and Henderson (12). Table 11 shows the median 
concentration, regardless of dosage, for the principal organs of these patients, m 
comparison with the concentrations of our rabbits and dogs after single and frac- 
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tionated intravenous injections. At the end of the single intravenous injection 
in the animals the organ concentration averaged about twice as high as after a 
series of courses of intramuscular injections in the patients. The kidney con- 
centration fell to about half the clinical level in a week; but the concentration in 
the other organs remained about the clinical level for two months. The in- 
travenous dosage was higher than in a angle clinical injection, but the median of 
the total clinical dosage is about 15 mgm. Bi per kilogram of body weight, which 
is two or three times the median intravenous dosage. 

The patients averaged a kidney content of 4.5 mgm. per 100 gram for each 
gram bismuth injected, equivalent in a 70 kgm. patient to a B.R.Q. of 4.6:15= 

TABLE 10 


Total bismuth in organs of rabbits after intravenous injections 



QRODTJl 

auoiTP a 

OBovre 

OBOVT D 

aaonr b 


Time ai deeth efter injection 


Witbia 9 boun 

3 hours to 1 dsv 

9 to 8 days 

0 to 24 daya 

28 to 80 days 

Number o! 

Sti. 

dud«d..... 

8 

3 

10 

12 

23 

MedL&n doM 

per ksm.). 

11.5 

8.0 

7.0 

6.5 


Total Bi (mgm.) ia organs, average and range 

mdaejrs 

(both) 

liver 

3.(M (0 34 -5.0S) 
3.41 (0.J53-5.83] 
0.181 (0.015-0.71) 

1.3S0 <0.84 -1.88) 
0.863 <0.62 -0.78) 
0.033 (0.015<>.049) 

0.819 (0.13 -1.83) 
0.462 (0.055-1.07) 
0.010 (0.041) 

D.220 (0.043-0 87) 
0.2S1 (0.034-0.050) 
0.014 (0.076) 

0.072 (0.013-0.181) 
0.118 (0.02(H}.298) 
0.0005 (0-0.000) 



Percentage of injected Bi in organa (average) 


Cidneys 

(both).... 

4.95 

7.08 

2.80 I 

1.300 

0.448 

Liver 

8.75 

3.72 

2.38 1 

1.638 

0 833 

Lus£s ; 

0.41 

0.182 

0.005 ! 

0 070 

0.034 


0.3. This quotient is less than that at the end of intravenous injection in rabbits 
(median 0.8) , and even after one day (median 0.C5). It is about equal to that of 
five days after intravenous injection (median 0.35). Beyond these times it rises 
above that of the intravenous quotient, which has the medians of 0.18 in 10 days, 
0.1 in 20 days, 0.08 in 40 days. The intravenous injection therefore secures a 
higher initial concentration, but beyond five days after a single intravenous in- 
jection the concentration falls below’ that produced by the intramuscular courses. 

From a smoothed curve of the data of table 5, one may calculate the amount 
of bismuth that must be given by a single intravenous injection to secure a con- 
centration of 3.33 mgm. Bi per 100 gram of kidney, at any time after the in- 
jection: Immediately after injection, tins approximates 4 mgm. per kilogram; 
for one day after injection, 5 mgm. per kilogram w’ould need to bo injected; to 
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' have this concentration on the fifth day would require the initial injection of 10 
mgm. per kilogram; for the tenth day, 20 mgm.; for the twentieth day, 33 mgm.; 
for the fortieth day, 40 mgm. Even the smallest of these quantities, 4 mgm. per 
kilogram of 280 mgm. for a 70 kgm. man would appear far too dangerous. Klau- 
der (3) injected patients t^vice a week intravenously \vith colloidal bismuth hy- 
droxide, equivalent to 1 mgm. of bismuth per kilogram of body weight, without 
untoward effects, but the acute fatality of Curtis occurred with about 0.25 mgm. 
of bismuth (as sodium bismuth tartrate) per kilogram of body weight. 

Antisyphilitic efficiency of intravenous bismuth preparations. — The 
question whether the extra high bismuth concentrations that are secured tem- 
porarily by intravenous injection add materially to the efficiency of bismuth 

TABLE 11 


Median concenlralion of bismuth {mgm. per 100 grams of fresh tissue), regardless of dosage 


BER2ES 

KIDNEY 

LIVER 

LUNQ 

SPLEEN 

BLOOD 

Patients after clinical 






courses of intramus- 






cular injections 

3.33 

0.68 

0.085 

0.155 

0.05 

Intravenous, rabbits 






End of injection 

7.67 

1.37 

0.538 

0.893 

0.065 

1 day to 1 week 

1.69 

0.520 

0.250 

1.40 

0.07 

9 to 24 days 

0.831 

0.164 

0.038 

trace 

trace 

28 to 60 days 

0.268 

0.182 

0 

0 

0 

Intravenous, dogs 






End of injection 

15.4 

0.92 


0.25 

1.06 

4 hours after injection. 

13.1 

0.140 

0.186 

0.300 

0.094 

2 and 4 days 

5,7 

0.642 

0.063 

0.347 

0.014 

34 to 42 days 

1.250 

0.533 

0.050 

0.144 



treatment of syphilitic infections can only be answered by direct experiments. 
Dr. Hanzlik has started to investigate this on rabbits. 

summary and conclusions 

Three special water-soluble bismuth compounds — ^sodium bismuth citrate, 
sodium bismuth thioglycollate, and sobisminol, were injected intravenously into 
rabbits and dogs, comparing the “drip method” of very slow injection of dilute 
solutions extending continuously over four to ten hours, with injection of the 
same doses at the usual rate of ten to thirty minutes; the entire amount being in- 
troduced either on one day, or spread over several successive days, up to five. 
The toxicity of the citrate and of sobisminol with the very slow injections was 
about half that with the ordinary speed; this does not apply to the thioglycollate 
solution (presumably because this is more unstable). 

Spreading the total dosage over several successive days decreases somewhat 
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the nephritic toxicity but increases the liability to acutely fatal reactions in rab- 
bits, probably by thrombosis from traumatic vascular inflammation. 

Acute fatalities during or ^vithin a few minutes after the injection occur also 
with single injections, about twice as frequently with fast injections (about 20 
per cent of all fatalities) than with slow (about 10 per cent) ; but they arc 2 to 4 
times more frequent with repeated injections. They have little or no relation to 
the dosage and present the phenomena of coUoidoclastic shock, while the ordinary 
bismuth phenomena are nephritic. 

Death from bismuth nephritis occurs in several hours to 24 days after the 
injection, the time being generally inverse to the dose; for instance, half of the 
dosage that kills in one day is fatal after 9 days for slow, after 5 days for fast in- 
jections. 

The fatal dose by intramuscular injection appears to be of the order of 5 to 10 
times higher than that by slow intravenous injection, for rabbits. 

The fatal dose of bismuth by intravenous injection averages somewhat smaller 
for dogs than for rabbits. The symptoms in dogs are uremic, without the bloody 
diarrhea, peripheral neuritis or encephalopathy that are conspicuous in poisoning 
by alkyl bismuth. 

The sojourn of the injected bismuth and its concentration in the blood w’cre 
studied on dogs. With the fast injections the concentration falls rapidly asa 
parabolic curve. With the slow injections It rises parabolically during the in- 
jection and falls similarly when the injection ceases. With fast injection the 
maximal concentration in the blood is about four times as high as that attained 
by slow injection, but by the end of two hours the concentration is about the 
same in both cases. The product of average concentration and total time is 
about one-fifth higher with fast than with slow injection of a given dosage. 

Tlie bismuth concentration of the organs varied directly with the dose and 
inversely ivith the time elapsed since the injection. The nature of the bismuth 
compound and the speed of injection arc not significant. The concentrations in 
the kidneys (which are richest in bismuth) and in the lungs fall with time as fairly 
smooth parabolic curves. The concentration in the liver falls more slowly, so 
that its average ratio to that in the kidneys rises for 17 per cent on the first day, 
to 46 per cent at 41 days. The concentrations in the blood and urine sink to in- 
significant traces after G or 7 days; in the bile the Bi rise is slow'er and more 
persistent. 

The bismuth concentration in the organs of dogs averages several times higher 
than for rabbits, with the same dosage and time. This suggests slower elimina- 
tion of Bi by dogs (by the urine and by precipitation of sulfide in the intestinal 
mucosa) and this would explain the higher toxicity for dogs. 
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The fate of amphetamine in the body — that it is partially excreted as such 
(1, 2, 3), partially inactivated in the liver (4, 3) and deaminated by ascorbic 
acid (5) but not by amine oxidase (C, 7, 4) — seems well established. The pur- 
pose of the present investigation has been to determine whether a number of 
compounds related to amphetamine are excreted in the urine or totally inacti- 
vated in the body, and to examine these findings in the light of previous studies. 

PnoccDURE. The arniaes studied in this work were 

1. 0 phenyl-n-propylaratne 

2. y phenyl-n-propylamine 

3. 0 ! methyl-v-phenylpropylamine 

4. a phenyl-n*propylamme 

6. 0 inethyl*j9-phenylisopropylamine 

6. a isopropyl-^-phenylcthylamine 

7. o methyl-^-phenylisopropylamine 

TbeToethod used to estimate the presence of these amines In urine was that first described 
by us (4) with some minor modifications (5). This has proved satisfactory for the present 
investigation. The only deviation from the method as previously described has been in 
the final determination. In this study we have used duplicate controls of 0.1 and 0.01 
mgm. amine coupled with p-nitrobenzcnc-diazonium chloride and extracted with butanol. 
The glavanometric deflections for these controls have been plotted as the logarithmic func- 
tion of the concentration on 2 cycle semi-Iog paper, a straight line drawn through the points, 
and the concentration of the sample read as the arithmetric coordinate where the galvano- 
metric value intersected the curve. This has the advantages of doing away with a constant 
reference curve, as has been used in the past, and the corrections to such a curve when 
control determinations vary from it only slightly. 

Experimental. Amines excreted by the kidneys. Ten milligram doses of 
compounds 3, 4, 5, G, and 7 were given b 3 ' mouth to 31 subjects who collected 
their total urine output for the first and second 24 hour periods following inges- 
tion of the drug. The subjects were given the compounds in 20 cc. of water and 
directed to rinse the contents into a glass of water, drink that and follow it with 
half a glass of water. This was taken about half an hour before breakfast. 
Since most of the experiments were done during summer months, the urine 
volumes were often low. In every instance the compounds were excreted in 
considerable amounts, varjnng somewhat with the subject and the amine given. 

Tabic 1 gives the results of excretion of 10 mgm. doses of a methyl- 7 -phenyl- 
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propylamine (sulfate) by 10 subjects. Table 2 represents data on the excretion 
of 10 mgm. doses of a phenyl-n-propylamine, |3 methyl-/3-phenylisopropylamine, 
a isopropyl-/3-phenylethylamine and o methyl-j3-phenylisopropylamine. Com- 
mon to all of these is the fact that excretion of the amine is not related to the 
total urine volume within normal limits. The duration of excretion of deter- 
minable amounts of the amines was found to be about 48 hours, with one excep- 
tion. Other trials have sho\vn them to be present in the urine within 3 hours or 
less after the compound was swallowed. 

However, there is some difference in the rate and extent to which these amines 
are excreted. From 20 to 54 (average 40.4) per cent of a given dose of a methyl- 
7 -phenylpropylamine was excreted in 24 hours. Figuring from averages, this 
represents about § of the total amount (5.9 mgm.) excreted in 48 hours. In the 
case of a phenyl-n-propylamine 63 to 95 (average 78.9) per cent was excreted 

TABLE 1 


The excrelion of 10 mgm. of a methyl-y--phenylpropylamine taken orally by man 


SUBJECT 

IsT 24 noun pemod 

2nd 24 HOUR PERIOD 

TOTAL 48 HOUR PERIOD 

tirine volume 

Per cent 
eicreted 

Urine volume 

Per cent 
excreted 

Urine volume 

Per cent 
excreted 

R. D 

1024 


1500 

26.4 

2524 

63.4 

W. S 

850 


1250 

22.0 

2100 

64.2 

L. K 

560 

21.2 

920 

20.2 

1480 

41.4 

0. E 

025 

36.6 

655 

11.8 

1280 

48.4 

J. C 

600 

52.8 

560 

6.8 

1160 

59.6 

W. R 

860 

47.5 

975 

30.1 

1835 

75.6 

W. H 

575 

35.0 

1 640 

10.2 

1215 

45.2 

B. B 

1100 

44.0 

770 

33.2 

1870 

77.2 

A. P 

980 

44.1 

650 

22.4 

1530 

66.5 

R. E 

1098 

54.2 





Average 

40.4 

1 

20.4 


59.1 


within 24 hours. This comprises almost the total amount excreted; only an 
average of 2.8 of the total 81.7 per cent was excreted in the second 24 hour period. 

The range of deviation from the mean was greatest for |3 methyl -^-phenyliso- 
propylamine, being from 10 to 39.5 per cent excreted within the first 24 hours. 
The average of 24 per cent is f of the total amount, 30 per cent, excreted during 
the experiment. The excretion of a isopropyl-l3-phenylethylamine was the 
least of any of the compounds, being only about 20 per cent within 48 hours. In 
this instance, however, the duration of excretion of determinable amounts of the 
amine was 72 to 76 hours followng ingestion. The total amount of o methyl-^- 
phenylisopropylamine excreted over 48 hours (88.2 per cent average) was but 
slightly greater than for a-phenyl-n-propylamine (81.7 per cent average) yet the 
rate of excretion of the former was much slower than the latter. In the case of 
o methyl-^-phenylisopropylamine about f of the total amount (60.3 per cent) 
was excreted within 24 hours, whereas almost all (97 per cent) of the a phenyl-a- 
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propylamine was excreted during the 6rst 24 hours. Acid hydrolysis of the 
urine did not increase the recovery of any of the amines. 


TABLE 2 

The excretion of certain sympathomimetic amines man, 10 mgm. of each was administered 
in solution orally ' 



tST2iROCRrE8IQD 

iso 24 nors period 

1 TOTH. 48 HOTTSa 



Un..vol«™.j JfSS 

Urine volume | 

excreted 


a phenyLn-propylamine 


B. K 

530 

95.0 

650 i 

3.5 

lOSO 

98. 5 

S. B 

1360 1 

8S.0 

025 1 

1.8 

2285 

89.8 

I. E 

415 

73.7 

690 

3.6 

1105 

77.3 

B.S 

1210 

63.4 

1900 

1.3 

3110 

64.7 

H. G 

590 

74.7 

740 ' 

1.6 

1330 

76.3 

Average 



2.8 


81.7 


0 methyl-i5*phcnyli8opropylainjne 


B. S 

E. K 

K.N 

C. L 

M. 0 

T. L 

500 

1030 

640 

375 

750 

710 

10.0 

33.0 

12.4 

10.0 

39 5 

39.4 

655 

1720 

850 

610 

520 

760 

2.0 

13.2 

9.8 

13.4 

12.5 

8.1 

1165 

2750 

1490 

9S5 

1270 

1470 

12.0 

46.2 

22.2 

23.4 

62.0 

47.5 

Average 

24.0 


6.0 


30.0 


a isopropyl-fl-phenylethylamine 


M. A 

1640 

11.0 

1640 

5,6 

3280 

16.5 

D.B 

700 

9.3 

550 

12.8 

1250 

22.1 

L B 

830 

14.1 

900 

10.8 

1730 

^.9 

G. M 

400 

9.6 

COO 

6.4 

1000 

16.0 

M. S : 

765 

10.3 

578 

9.2 

1343 

19.5 

Average 

10.9 


8.9 


19.8 


o*methyl*0-pheDyli8opropy)aminc 


F.B 

1000 

59.5 

1190 

36.1 

2190 

95.6 

A. E 

420 

56.0 

340 

24.6 

760 

SO.S 

F. B 

510 

77 3 





B. L 

850 

37.4 

760 

27.9 

1610 

65.3 

B.T 

1335 

71,6 

1205 

23.3 

2541 

94.9 

Average 

60.3 


27.9 


88.2 


Using the Warburg respiroraeter and the technic described previously (8) 
we found that none of these five compounds was oxidatively deaminated in the 
presence of amine oxidase. This has also been found to be the case for 
amphetamine (0, 7, 4). 
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Amines not excreted hy the kidneys} Fifteen milligram doses of /3-phenyl-n- 
propylamine and y phenyl-n-propylamine were given orally to 8 subjects. Ten 
to 20 mgm. doses of each were injected subcutaneously daily for several days into 
14 dogs. Neither of the compounds was excreted in the urine in more than an 
occasional trace by either the human subjects or the dogs. Thus the factor of 
destruction of the compounds before their absorption into the body was ruled out. 

Since these 2 amines were not normally excreted following their administra- 
tion, it was thought desirable to see if the dogs could be made to excrete these 
chemicals. To accomplish this 3 experiments were tried; 1) to inactivate the 
amine oxidase in the body, if possible, 2) by means of a substance (CCh) toxic 
to the liver and possibly other organs as well to impair their function, S) to im- 
pair liver function alone. 

Bernheim reported (9) that phenylhydrazine when added in concentration 
of 4.5 X 10“^ M to an amine oxidase preparation in vitro would totally inhibit 
the oxidative deamination of isoamylamine as substrate for the enz5Tne. In a 
study of the enzymic inactivation of substituted phenylpropylamines (8) one of 
us found that these two compounds were deaminated by amine oxidase. An 
attempt was made, then, to inject phenylhydrazine into dogs to inhibit if pos- 
sible the amine oxidase and so cause /3 phenylpropylamine to be excreted. 

In this experiment 4 dogs were injected subcutaneously daily with 10 mgm. 
P phenyl-n-propylamine and their 24 hour urine specimens collected and analyzed 
for the amine. Three days of control determinations were made to determine 
whether or not the compound was excreted. Total red and white blood cell 
counts, differential cell counts and hematocrit were determined on the controls 
and following the phenylhydrazine administration. Following the control 
periods the dogs were weighed and 100 mgm. of phenylhydrazine hydrochloride 
per kilo of body weight was injected subcutaneously in a volume of distilled 
water sufficient to dissolve it. The dogs usually vomited within an hour and 
appeared sick. The injections of the amine, collection of urine and blood counts 
were continued for from 4 to 6 days following the phenylhydrazine injections. 
During this time no p phenylpropylamine appeared in the urine though the 
dogs manifested severe phenylhydrazine poisoning. One of them, T, died 1 
week following the injection of phenylhydrazine. Table 3 summarizes some of 
the findings in this experiment. In every instance, following the phenylhy- 
.-drazine there resulted a severe hemolytic anemia, a rapid rise in the leukocyte 
icount and a fall in the hematocrit readings. The differential cell counts showed 
many immature cells of both red and white series. Representative of the differ- 
entials is one day’s cmmt on dog C: Total w.b.c. 34,900, segmented neutrophils 
20, nonsegmented neutrophils 58, meta myelocytes 6, myelocytes 4, promyelo- 
cytes 2, blasts 1, eosinophils 2, lymphocytes 7, erythroblasts 9 and proerythro- 
blasts 3/100 w.b.c. There were numerous showers of platelets, polyehromato- 
philia and anisocytosis. Urine from all the dogs was port red in color due to the 
destruction of erythrocytes and that from dogs S and T tended to form a loose 

* Normally under the conditions of this experiment. 
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clotonstandingintlierefrigeratorseveraldays. It is doubtful whether we could 
have exceeded this dose of phenylhydrazine and have had any of the dogs live. 
It seems certain, then, that not enough of the drug could be given to animals to 
inactivate or even inhibit the amine oxidase to the point that ^phenyl-n-propyl- 
amine was excreted by the animals. 

Carbon tetrachloride is known to produce liver damage in dogs although its 
effect on the kidney is probably not so marked unless excessive amounts are given 
(10). An experiment similar to that for phenylhydrazine vms performed, sub- 
stituting in its stead CCh and omitting the cell counts. Four dogs were used in 
this experiment and the condensed data are given in table 4. From the table 
it may be seen that in every instance CCJi in doses of 30 to 50 cc. orally caused 
j3 phenyl-n-propylamine to be excreted; this amounted to as much as 35 per cent 
of a given dose in one instance, dog D. 

TABLE 3 


The rc5uh of an attempt to produce ezeretion of 0 pkenyl-n-propylamine, 10 mgm. suheuiO’ 
neov«2y daily, by the auhcutaneoua adminialralion of a single injection of phenylhydrazine 
hydrochloride 


SOfl 

AUOVNT or 
PDKNTLBT- 
sluznnt 

IBTTHfiOCTTtS 

UOKOCTTEa 

seuATOcart 

CXCKETIOH or 
uarrz 

Before 

After 

Befor» 

After 

Before 

After 

Before 

After 


mgm per 
igm. 

miUiont 

miUMne 

MoManeb 

Ikovtandg 

per tent 

prreent 



C 

75 

7.40 

1.00 

9.15 

37.20 ! 

50.6 

10.3 

0.00 

0.00 

£ 1 

100 

7.38 

1.76 

0.50 

26.65 1 

49.5 

27.5 

0.00 

trace 

S 

100 

6.17 

2.73 

12.40 

35.25 1 

44.0 

30.0 

' 0.00 

' 0.00 

T* ' 

100 

4.48 


10.6 


44.0 


0.00 

trace 


* Died 1 week after pheoylbydraslne. 

Before and after pertain to the injection of phenylhydrazine. The data given for after 
the injections are maximal determined values. 


This effect of CCh is probably a non-specific one, inhibition to the amine oxi- 
dase system occurring along with a general impairment of liver function. It was 
shown by Beyer and Skinner (4) that carbon tetrachloride administered to dogs 
caused them to excrete all of a given dose of benzedrine (amphetamine), and it 
has been amply confirmed that this compound is not inactivated by amine 
oxidase. 

Wells (11) has shown that hydrazine, in doses of 50 mgm. per kilo subcutane- 
ously, produces in dogs an almost specific central zone parenchymatous degenera- 
tion of the liver lobules without aflecting other organs of the body. If CCI4 
could non-specifically inhibit amine oxidase along with the production of a 
parenchymatous degeneration of the liver and possibly other organs, it seemed 
possible that similarlj’^ hydrazine could be used to produce only a liver damage, 
thus in a measure evaluating the importance of the liver in the inactivation 
of these amines. 

Three dogs each in two series were placed on daily subcutaneous injections 
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TABLE 4 


The effect of carbon tetrachloride on the excretion of p phenyl-n-propylamine, 10 mgm. 
subcutaneously daily, by dogs 


24 HOUR 

PERIOD 

URINE VOLUME 

MOM. 

EXCRETED 

24 HOUR 
PERIOD 

URINE VOLUME 

MOM. 

EXCRETED 

Dog D 

Dog M 

2nd 

625 

0.00 

3rd 

300 

0.00 

3rd 

590 

0.00 

4th 

290 

0.00 

4th 

30 cc. CCL orally 


5th 

SO cc. CCL orally 


6th 

420 

1.77 

7th 

145 

0.29 

8th 

640 

0.94 

8th 

355 

1.63 

12th 

875 

3.50 

9th 

195 

trace 

13th 

570 

2.52 

10th 

185 

trace 

Dog N 

Dog 0 ' 

3rd 

335 

0.00 

1st 

755 

0.00 

4th 

560 

0.00 

2nd 

480 

0.00 

5th 

50 cc. cell orally 


3rd 

50 CO. CCL orally 


7th 

415 

mSM 

4th 

730 

2.14 

8th 

440 

wsm 

5th 

SO CC. CC1< orally 


9th 

655 

trace 

6th 

385 

0.65 

10th 

380 

trace 

7th 

855 

trace 


TABLE 5 


The effect of hydrazine on the excretion of 0 phenyl-n-propylamine and y phenyl-n-propylamine 

by dogs 


24 HOUR 
PERIOD 

URINE VOLUME 

MOM. AtITKE 
EXCRETED 

URINE VOLUME 

MOM. AMINE 
EXCRETED 

URINE VOLUME 

MOM. AMINE 
EXCRETED 

0 phenyl-n-propylamine, 20 mgm. injected subcutaneously, daily 


Dog P 

Dog Q 

Dog E 

2nd 

390 

0.00 

215 

0.00 

765 

trace 

3rd 

335 

0.00 

260 

0.00 

365 

trace 

4th 

40 mgm. 

lydrazine sulfate per kgm. subcutaneously in 2 injections 

5th 

655 

0.32 

355 

0.65 

1235 

2.50 

6th 

150 

0.57 

335 

0.92 

, 225 

. 2.35 

7th 

170 

0.78 

280 

0.82 

625 

1.41 

8th 

125 

0.25 

380 

1.14 

650 

0.94 


y phenyl-n-propylamine, 10 mgm. injected subcutaneously, daily 




DogTJ 

Dog W 

[ Dog X 

2nd 

1 

225 




315 


3rd 



250 


320 


4th 

^ 40 mgm. hydrazine sulfate per kgm. subcutaneously in 2 injections 

6th . 

235 




265 

0.26 

' 7th 

1 275 

1 0.28 

1 ^ 

1.95 

455 

0.23 
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of 20 mgm. ^ phenyl-n-propylamine in one series, 10 mgm. of y phenyl-n-propyl- 
amine in the other. Total 24 hour urine specimens were collected and tested 
for the respective amines. Neither series of dogs excreted the amines normally 
with the exception of dog R which excreted about 2 ^/cc. of /3 phenyhn- 
propylamine. After the control periods of 3 days the dogs were injected sub- 
cutaneously with 40 mgm. hydrazine sulfate per kilo in aqueous solution given 
in two divided doses at 6 hour intervals. It may be seen from table 5 that this 
dose of hydrazine caused the excretion of both 0 phcnyl-n-propylamine and y 
phenyl-n-propylamine by each dog of the respective series. It is not surprising 
that the excretion of the amines following hydrazine is no greater than that 
found. Bhagvat, Blaschko and Richter (12) have reported amine oxidase to be 
widely distributed in most of the organs of the body. If the distribution were 
equal throughout the organism, one would hardly expect an inhibition in or even 
elimination of that enzyme from one organ bo to decrease the detoxication of 
these amines that they appear as such in the urine. Actually, it would seem that 
the liver is a principal site of inactivation of these amines whether or not it be 
entirely by amine oxidase. 

Interpretation. These results together with what has been found to be true 
for other similar sympathomimetic amines may be taken to establish certain 
fundamental concepts of the way an organism rids itself of these agents. The 
compounds a methyI- 7 -phenylpropylanune, a phenyl-n-propylamine, methyl- 
^-phenylisopropylamine, a isopropyl-^-phenylethylamine and o methyl-^- 
phenylisopropylamine together with amphetamine have structural and 
physiological properties in common. None of these compounds have a hydroxyl 
group on the ring, none of them have an amino group on the terminal carbon 
atom of the side chain, otherise they are quite dissimilar except that they are 
primary amines. 

For the present at least one factor in thcmpeutics, mode of administration, 
can be correlated very well with the mode of elimination of these compoimds. 
In this particular group of amines the position of the amino group on the side 
chain determines whether the compound shall be active orally and excreted by 
the kidneys, or inactive orally and totally inactivated in the body enzjTnically 
or otherwise. The compounds that do not liave the amino group on the terminal 
carbon atom are active orally, not because they are not broken down by the di- 
gestive juices, but because on being taken into the body they are not deaminated 
at once when brought by the portal system to the liver. This being the case 
they are then carried to all parts of the body. Since they remain in the blood 
stream, at least to some extent, for a long period of time they are cleared from 
the blood by the kidneys and appear in the urine. Part of the drug remaining 
in the tissues is inactivated by some system as the ascorbic-dehydroascorbic acid 
system (5, 13). Tliis, probably together with differences in rate of diffusion 
and affinity for the tissues, accounts for the differences in rate and extent of 
excretion of these amines. 
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Confirming this interpretation, these compounds having an amino group 
on the terminal carbon atom have no physiological effect when taken orally. 
Also, they do not appear in the urine as such even when injected subcutaneously. 
It seems likely then that, administered orall 3 % instead of being broken down in 
the digestive tract the compound is absorbed, deaminated to some extent in 
the intestinal wall, where amine oxidase has been sho^vn to be present, and the 
rest brought to the liver where the enzymic oxidation is completed. Bearing 
out this point are the experiments showing that even when these compounds, 
/3 phenyl-n-propylamine and y phenyl-n-propylamine, are injected subcutane- 
ously the 3 '^ are excreted to some extent when the function of the liver is impaired 
by carbon tetrachloride or h 3 'drazine. These observations point to the liver as 
being a chief organ for the inactivation of these amines. Amine oxidase and the 
ascorbic acid system are relatively slow acting when saturated with a proper 
substrate in vitro. It might be that massive doses of one of these amines given 
orally would partially escape deamination and appear in the urine in very small 
amounts. 


SUMMARY 

S 3 unpathomimetic amines having no hydroxyl group on the benzene ring are 
excreted if the primary or secondary amino group is not on the terminal carbon 
atom of the side chain, for only in that position is it deaminated by amine oxidase. 
If the liver function is impaired by CCI4 or hydrazine, those compounds having a 
primary or secondary amino group on a terminal carbon atom are also excreted 
to some extent. 

An hypothesis has been presented that the oral efficacy and the excretion of 
these amines is dependent on whether the compound brought to the liver has its 
amino group in a position on the side chain where it can be deaminated by the 
amine oxidase and possibly other systems, normally. 

We wish to thank the Smith, Kline and French Laboratories for a grant which 
made possible the technical assistance of Mr. Bradford Hafford. Also, we are 
grateful to Dr. Walter J. Meek for his criticism of this paper. 
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Rich and Follis (1) first called attention to the inhibitory action of sulfanil- 
amide for the tuberculous process in guinea pi^. They noted retardation of the 
progress of infection only if treatment was begun simultaneously with the in- 
fection and the drug administered in doses of 1250 mgm. per kilogram per day. 
Such dosage is at the toxic level, as shown by the death of about CO per cent of 
their animals from the toxic effects of the drug within the experimental period of 
five to six weeks. Later they extended their observations to experimental 
bovine infection in rabbits and showed that 750 mgm. of the drug given daily per 
kilogram reduced the extent of tuberculous involvement in the lungs and kidneys, 
but a dosage of 500 to 000 mgm. per kilogram had no appreciable effect. Sig- 
nificantly 760 mgm. of sulfapyridine per kilogram similarly given had no effect. 
Examination of the blood at various intervals showed considerably higher blood 
levels with sulfanilamide than with sulfapyridine (2). Several reports have ap- 
peared since then, some confirming the foregoing findings in part or in whole 
(3-6) and others failing to do so (7-9). Grcey, Boddington, and Little (5) ob- 
tained a favorable effect in guinea pigs with sulfanilamide but not with prontosil, 
the dimethyl derivative of dlsulfanilamide, or with diacctyldiaminodiphenyl- 
sulfone. The doses used were within the toxic range, for half of their treated 
animals died within four weeks of treatment. Corper et al. (9) suggest that the 
apparently favorable effect obtained with large doses of sulfanilamide is due to 
the toxic effect of the drug and not to the retardation of the tuberculous process. 

Further trials with sulfapyridine gave variable results. Feldman and Hin- 
shaw (10) and Birkhaug (11) obtained retardation of the tuberculous process in 
guinea pigs, while Heisc and Steenken (12), Steinbach and Duca (13), Flippin 
and associates (14), and Muschenheim and coworkers (15) failed to obtain 
favorable effects. Karlson and Feldman (10) treated rabbits inoculated with 
avian tubercle bacilli \rith sulfapyridine with negative results. 

An inhibiting action by sulfanilamide on the growth of the tubercle bacillus 
in vitro was reported by Ballon in a concentration of 100 mgm. per cent (17, 18), 
while Follis could obtain no such effects while using the synthetic Proskauer and 
Beck medium. Follis was able to dcmoi^tiatc an inhibiting effect for sulfa- 
pyridine in a concentration of 50 mgm. per cent (19) . 

A much stronger inhibiting action in vivo w'as obtained by Rist, Bloch’, and 
163 
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Hamon (20) for 4-4^-diamiiiodipheiiylsulfone than for sulfanilamide on intra- 
venous avian bacillus infection in rabbits. More recently, while this work was in 
progress, two very favorable reports have appeared by Feldman, Hinshaw, and 
Moses (21) on the treatment of experimental tuberculous infection in guinea pigs 
vith the sodium salt of P-P'-diaminodiphenylsulfone-f^-lV'-dextrose sulfonate 
(Promin). In the first report the treated animals survived longer than the 
controls, and the extent of tuberculous involvement, judged by the amount of 
tuberculosis in the spleens, was less in the treated animals than in the controls. 
It was stated, however, that a complicating nutritional disorder developed in the 
course of the experiment, seemingly an ascorbic acid deficiency, and this may 
have influenced the results. In a second communication (22) these authors re- 
ported equally good results even when treatment with promin was delayed until 
six weeks after infection. Here again the spleen alone was used to evaluate the 
extent of tuberculous involvement. It would seem that these workers were deal- 
ing with a low grade mild infection, apparently limited for the most part to the 
spleen and glands. The drug was fed with the diet at a 1 per cent level. Blood 
examination, they reported, showed an average of 4.3 mgm. per cent of the drug, 
with a minimum of 2.5 and a ma.ximum of 8.6 mgm. per cent. No toxic effects 
from the drug were noted in the first report, but sulfhemoglobinemia, reticulo- 
oytosis, and possibly anemia are said to have occurred in the second series of ex- 
periments. Since promin is a derivative of diaminodiphenylsulfone, a drug 
which was under study in the work reported here, it seemed desirable to include 
it in this investigation. 

The present experiments were undertaken in the belief that the work cited 
above indicates sufficiently definitely that the sulfonamides offer enough of a 
lead to warrant more extensive investigation of the problem. Accordingly, a 
systematic study was made of the effects of a series of sulfonamides, sulfones, and 
related phosphorus compounds on the growth of the tubercle bacillus in vitro, and 
the compounds appearing to have good tuberculostatic action in vitro were 
submitted for therapeutic tests in experimental animals. It should be stated at 
once that neither is the presence of tuberculostatic action of a drug in vitro proof 
for, nor is its absence proof against therapeutic efficiency in experimental animals. 
Tuberculostatic action, however, may be used as a guide in selecting from a large 
number of drugs those which are likely to be most promising. 

Tuberculostatic Action in Vitro. The tests for the inhibiting action of 
drugs on the human tubercle bacillus were made with graded concentrations of 
the drug in 50 cc. sterile glycerine broth inoculated on the surface with a loopful 
of a two to three weeks’ culture of ff 37. In several instances the human strain 
A S7 was also used with no noticeable difference in results. Pyrex glass Erlen- 
meyer flasks of 125 cc. capacity were used throughout. The flasks were incu- 
bated at 37°C. for two weeks or longer, until the whole surface in the controls 
was covered with growth. The minimum concentration of the drug which gave 
only slight or no growth was taken as the effective inhibiting concentration. 

The results of this study are shown in table 1. Of the sulfonamides good in- 
hibition was obtained at a level of 20 mgm. per cent with sulfanilyl sulfanilamide 
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and sulfnpyridine, both of which were more active than sulfanilamide. Weight 
for weight promin was about equally efTcctivc. Inhibition at a level of 10 mgm. 

TABLE I 


Tubcreuloslatie action 





uou. rzB 

CENT 

s 

g 

COMPOCKD* 

' CBEUICALrOnUDLA 

O 


1 

Sulfanilic acid 

HtN C.IIi SO, OH 

600 


2 

Sulfanilamide 

H,N C,H« SOjNH, 

20 

50 

3 

N'-U aminophenyl) sulfanilamide (23) 

H,N CJhSOtNH C,H,NH, 

20 


4 

A’^-Sulfanilyi sulfanilamide (23) 

H,N C,H4 SO, NH C,H4SO,N’fr, 

10 

20 

5 

; Sulfanilylominocthanol (23) 

H,N C,H»SO,NH CjHiOH 

100 


C 

SulfaniIylamino-^-bromethane‘ 

H,N C,H4 SOjNH C,H4Br 

20 


7 

4-Hydroxylaminobcnzene3ulfonamide* 

NIIOII C.H, SO, NH, 

20 


8 

4-Aminobenzoic acid 

n,N c*H4 cooh 

20 


0 

4-Hydroxylaminobenioic acid* 

NHOH C.n« COOII 

20 


10 

Sulfapyridine 

H,N C,H| SO,NH C,H4N 

10 

20 

11 

Sulfathiazole 

H,N CiHi SO, NH C,H,NS 

1 

1 ^ 

12 

Sodium Sulfadiazine* 

H,N cm, SO, NH C.H, N, 

• 4 

10 

13 

4-4''Diamiaodiphcay]sulfidc 

H,N C,H, S C,H4 NH, 

5 

10 

14 

4-4'-DiaminodipheQyl9u]fo\ide 

H,N C,U4 SO C,Tl4 NH, 

1 

8 

16 

4-4''Diaminodipbcnyl8ulfone* 

H,N C,H, SO, C,H* NH, 

1 

! 2 

16 

44''Diacetyldiaroinodiphenylsulfone‘ 

CH,CO NH CiH, 80,C,H, NH 
CO CH, 

10 


17 

4-Nitro4'-acetylaminodiphenyl sul- 
fone (25) 

NO, CJI» SO, C,U,NH CO CH, 

10 

20 

18 

Promin* 

lCH,OH(CnOH)4CH SO,Na NH 
C, H,), SO, 

s 

20 

19 

Fhosphanilic acid (26) 

H, N C.H, PO(OH), 

2 

10 

20 

Diraethylaminophenylphosphonous 
acid (27) 

(CH,), N C,H, P (OH), 

200 


21 

Bi8-(dimcthy]aminophenji) phos- 
phinous acid (27) 

l(CH,), N C,!!,!, P OH 

20 


22 

Bi3-(dimethylaminophenyl) phos- 
phinic acid* 

((CH,), N C.H,!, PO OH 

10 

60 

23 

Bis-(4'-aminophenyI) phosphinic acid* 

(NH, C,H,), PO OH 

100 



• Compounds 1, 8, 9, 19, 20, 22, and 23 were used as tbc sodium salt after careful neutrali* 
zation with NaOH. 


* Prepared by Dr. E. L. Jachson of this laboratorj’. 

* Prepared by Dr. H. Bauer of this laboratory by the method of Bamberger and P 3 TDan 

( 2 - 1 ). 

* Courtesy of the Calco Chemical Co. 

* Courtesy of the Burroughs Welcome Co. 

* Prepared by Dr. H. Bauer. 

* Courtesy of Parke, Daws & Co. 

T Prepared by Dr. H. Bauer by the method of Bourncuf (28). 

per cent was obtained with 4'4^-dia®fnodiphcnylsulfide and sodium sulfadiazine. 
The most actively inhibiting compounds were sulfathiazole, which gave good in- 
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hibition at 5 mgm. per cent, ^-^'-diaminodiphenylsulfoxide at 3 mgm. per cent, 
and 4--^ '-diaminodiphenylsulfone, which inhibited growth at a level of 2 mgm. per 
cent. Since prorain is theoretically about 30 per cent diaminodiphenylsulfone, 
it is inferior in its tuberculostatic action compared Muth the parent substance. 
Substitutions in the amino groups by acetylation or by replacement with nitro 
groups reduced inhibiting action, while oxidation to the hydroxylamine seems to 
have had little or no effect. Substitution in the sulfonamide group has resulted 
in increased activity as in sulfapyridine, sulfathiazole, and sulfadiazine, or in 
decreased activity as in the instance of sulfanilylaminoethanol. 

In the small series of phosphorus compounds phosphanilic acid was the most 
inhibiting, comparing in activity -with 4-4'-diaminodiphenylsulfide and sulfadi- 
azine. This would appear to be interesting for the corresponding sulfur analog, 
sulfanilic acid, was inactive up to 500 mgm. per cent. It seems probable that 
with phosphanilic acid as a starting point it may be possible to develop com- 
pounds more active than the corresponding sulfur analogs. However, an 
attempt in this direction represented by compounds 20, 21, 22, and 23 listed in 
Table 1 failed to attain the goal though, as will be pointed out later, compound 
No. 21 does appear to have a retarding influence in vivo if not in vitro. This, we 
suspect, is due to demethylation in the body to the free amino compound. The 
lack of activity in vitro of compound No. 23, which has free amino groups, does 
not exclude the possibility that the corresponding trivalent phosphorus com- 
pound may prove active. Efforts to prepare this have so far been unsuccessful. 

Therapeutic Tests. From the foregoing list compounds 2, 10, 11, 12, 15, 18, 
19, and 21 were selected for therapeutic tests in guinea pigs infected ivith two 
strains of human tubercle bacilli and in rabbits infected -with a bovine strain. 

In the first experiment guinea pigs weighing about 300 grams were divided into five groups 
each containing twelve animals; all were inoculated intraperitoneally with 0.5 mgm. H S7 . 
For a week prior to inoculation the animals were kept on a diet consisting of 69 per cent 
ground rolled oats, 25 per cent ground alfalfa, 5 per cent casein, and 1 per cent sodium chlo- 
ride (29). In addition 25 grams of carrots were allowed per animal per day. Immediately 
after inoculation the drugs were incorporated in this diet at a level of 0.5 per cent. A record 
kept of the amount of food consumed indicated an estimated drug intake of from 60 to 75 
mgm. per day or about 150 to 300 mgm. per kilogram per day. The experiment lasted 66 
days. Whenever an animal died in one of the groups, one animal appearing the sickest in 
each of the other groups was killed for comparison as to the extent of tuberculous involve- 
ment in the several groups. The extent of infection was rated from 0 to 4-1- as follows: 

-1- = Slight. Few miliary tubercles of spleen, liver, omentum, or lungs. 

-1—1- = Moderate. Many discrete tubercles in any one of the foregoing organs. 

= Moderately advanced. Generalized miliary and conglomerate tubercles in 
one or more of the organs. 

4 — 1 — (- = Advanced caseation necrosis of spleen, liver, omentum, lungs, or all of these. 

This strain proved to be of low virulence, the extent of involvement seldom e.xceeding 
2 or 3-1-, and usually not more than 1-1-. The infection was usually limited to the omentum, 
glands, and spleen. From one to six animals died in each group within 25 days subsequent 
to infection and these are not included in the final analysis. Among those surviving 25 
to 56 days, the results w’ere as shown in table 2. 

The numerical values for the extent of tuberculous involvement given in the third column 
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of this table were arrived at by dividing the sum of all the ratings by the number of animals 
autopsied in each group between thc25thday of the infection and the end of the experiment. 

The results of this experiment (table 2) indicate that the drugs were sufficiently 
toxic to contribute in some measure to the mortality rate, and that none of them 
in the doses given, except possibly the last-named one, had any beneficial in- 
fluence in retarding the tuberculous process- There was very little involvement 
in this group except in the spleens, which were very large, with little or no gross 
evidence of tubercle formation. Microscopically they usually presented nothing 
more than epithelioid aggregates or tubercles in early formation with little or no 
necrosis. 

Towards the end of the experiment blood anali'scs were made in several animals 
in each group, the determinations having been made in terms of sulfanilamide in 
each case.^ As seen in the last column of table 2 this was quite variable and 

TABLE 2 


Effect of sulfanilamide and related compounds on experimental tuberculous infection in 
guinea pigs when fed at a level of 0.5 per cent tn the diet 


OBOVP 

UOBTAUTT 

AVXBUOB 
SXTEWT OF 

1 stooDtercLB 

COLOBIS 

Tree 

Total 


0/10 (0%) 
6/11 (45%) 
8/11 (72%) 
4/6 (66%) 

2/10 (20%) 

1.4 

mfm. per ctnl 

mtm. per 
cent 


2.4 




1.8 

0.4-2. 3 

1.0-3. 5 


1.7 

Trace, 0.4 

Trace-0.9 


Bt8-(dimethylamiQ0pbcDyl) phos- 
phinoua acid 

0.3 

0.5-1.0 


generally low. It was obviously difficult by this method of administration to 
maintain a uniform level of drug intake. 

In the second experiment a more virulent strain of tubercle bacilli was used, 
the animals were kept on a more satisfactory diet of Purina rabbit chow sup- 
plemented with cabbage three times a week to supply adequate vitamin C (in 
which the Purina chow is lacking) and the drugs were administered intragastri- 
cally once daily, except Sundays. A No. 8 silk ureteral catheter connected to a 
syringe was used as a stomach tube. The w'ater-solublo promin and sodium salt 
of phosphanilic acid w'ere given in aqueous solution, all the others in aqueous 
suspension with five per cent gum acacia. 

In this series there were 9G animals, 10 to a group. The first group served as controls, 
the second received phosphanilic acid as the sodium salt, the third fcis(dimelhyl amino 
phenyl) phosphinous acid, the fourth promin, the fifth diaminodiphenylsulfone, and the 
sixth sulfadiazine. Promin, sulfadiazine, and phosphanilic acid were given in doses of 
0.5 gram per kilogram. Tlus dosage was well tolerated. Diaminodiphenylsulfone was 


* The method of Bratton and Afarshall (J. Biol. Chem., 128: 537, 1039) was used. 
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given in 0.1 to 0.15 gram per kilogram, and Ws(dimetliyl amino phenyl) phosphinoiis acid 
in doses of from 0.2 to 0.5, usually 0.3 gram per kilogram. It seemed desirable to give these 
drugs to the limits of tolerance. The minimum lethal dose of diaminodiphenylsulfone in 
guinea pigs on repeated administration was found to be 0.25 gram per kilogram, that of 
6is(dimethyl amino phenyl) phosphinous acid was more variable, the toxic range being 
between 0.3 and 0.5 gram per kilogram. This drug is more cumulative and less certain 
in its action. Though a single dose of 0.7 gram per kilogram is usually survived, 0.3 gram 
per kilogram may prove fatal after repeated daily administrations. 

Treatment in this scries of experiments was continued for one month. Since all the 
evidence indicates that the beneficial action of these drugs, if any, is due to inhibition of 
the multiplication of the tubercle bacillus in the body and a retardation of the tuberculous 
process possibly through attenuation, it seemed unnecessary to continue treatment beyond 
the time when dissemination of the tuberculous process is normally well under way. Rather 
it seemed desirable to give as intensive treatment as possible during the early period of 
infection. 

Accordingly, the animals were infected intraperitoncally with a heavy dose, 0.5 mgm. 
moist weight, of a virulent human strain of tubercle bacilli A £7.* Treatment was begun on 
the same day and continued for one month. The animals were weighed once a week and 
observed carefully for symptoms. At the death of an animal, or when this appeared im- 
minent, the animal was killed and autopsied. A system of rating of the extent of tuber- 
culous involvement, different from that described in the first experiment, was adopted. 
This consisted in rating the four most commonly involved organs, omentum and glands, 
spleen, liver, and lungs, from 0 to 4-1- . One plus designated slight involvement, a few 
miliary pin point tubercles, 2-1- moderate miliary dissemination, 3-1- generalized miliary 
and conglomerate dissemination with occasional patchy caseous necrosis, and 4-f extensive 
involvement with much caseous necrosis. The sum of these divided by the number of or- 
gans gave a numerical value of the extent of tuberculous involvement for each animal. 
At the end of 107 days when 81 per cent of the controls and 94 per cent in one of the treated 
groups had died, all the survivors wore injected subcutaneously with 0.1 mgm. tuberculo 
protein (P.P.D.).’ After 24 hours all the survivors were killed and the experiment 
terminated. 

The results of this experiment are summarized in table 3. The comparative 
mortality rate for the several groups is given at ten-day intervals, and the extent 
of tuberculous involvement for each animal in each of the groups as ■well as the 
average for the whole group is expressed numerically. Examination of the data 
reveals no favorable effects in the group treated -ndth phosphanilic acid, a def- 
initely retarding influence on the dissemination of the tuberculous process in the 
group treated urith bfs- (dimethyl amino phenyl) phosphinous acid, and a dis- 
tinctly favorable influence, both as regards the dissemination of the tuberculous 
process as well as the survival time, in the groups treated [with promin, sul- 
fadiazine and diaminodiphenylsulfone. Tlie last named drug has, on the whole, 
appeared to be the most effective. This is indicated by the lowest tuberculosis 
index and the largest number of survivals following the subcutaneous injection 
of tuberculin . A comparison of the number of animals showing very slight or no 
gross tuberculous involvement in these three groups indicates one in the promin 
series, four in the sulfadiazine, and five in the diaminodiphenylsulfone series. 

= This strain was obtained from the Henry Phipps Institute of Philadelphia, through 
the courtesy of Doctor F. Seibert. 

* Courtesy of Doctor F. Seibert, Henry Phipps Institute of Philadelphia. 
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Mfirtalily rate one? txitnl 0/ iui&CTCttfou* *nroii>em<ni a< iO-dny initTvaia 


CITS { 

j 

SD-30 

4 (M 9 

9Ch59 

6(H19 

70-79 

5(h69 

90-99 

107 

AvetaBC tu* 

bcrculoaia 
index. .. 
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More than half of the animals in the last-named group presented an uninter- 
rupted gro^vth curve after cessation of treatment, indicating attenuation of the 
tubercle bacillus or arrest of the infection. 

At from 30 to 60 daj's, after treatment was discontinued, paralysis of the 
posterior extremeties developed in each of two animals in the promin and sul- 
fadiazine groups and in three animals in the diaminodiphenylsulfone group. It 
was suspected that the drugs were responsible for what seemed to be a peripheral 
neuritis. However, careful histological examination of the sciatic nerve and 
sections of the spinal cord failed to show any lesions. In several of the animals 
tuberculous infection was found in the meninges in the lumbar region of the spinal 
cord. It would appear that the paralyses were actually due to tuberculous 
meningitis. Whether the invasion of the central nervous system is a coinci- 
dence, or is in some manner related to treatment, is not possible to say.'* 


TABLE 4 

Blood levels, mgm. per cent 
(F = free, T = total) 


BOCBS 

PH08PHANIUC AaD 

Bta(DIMETHTLAMINO- 
PHEKYL) PHO&- 
PHINODS ACID* 

PJROUINt 

1 

DIAMI^•ODlP^E^nn/•: 

BULrONE 

sm-FADiAznre 


F 

T 

F 

T 

F 1 

T 

F i 

T 

F 

T 

3 

0.9 

0.9 

2.5 

2.5 

10.5 

(3.4) 

11.0 

(3.5) 

4.0 

5.5 

16.5 

15.5 

6 

0.8 

0.8 

3.0 

3.0 

13.5 

(4.3) 

14.0 

(4.3) 

4.5 

5.0 

16.5 

17.0 

24 

0.8 

0.8 

0.1 

0.1 

8.0 

(2.6) 

8.0 

(2.6) 

3.5 

4.5 

6.5 

6.5 


* Estimations made in terms of sulfanilamide, the latter ha'vdng been used as standard, 
t Figures in parentheses are diaminodiphenylsulfone equivalents. 


In an attempt to correlate the therapeutic effectiveness of the foregoing drugs 
with their concentration in the blood a series of normal guinea pigs were treated 
in the same manner as the infected animals for a period of from 6 to 13 days and 
the blood levels determined at intervals of from 3 to 24 hours follo-nung the last 
dose. The results of this experiment, expressed as averages of 3 to 4 animals, 
are shoMTi in table 4. If the drug has some specificity of action, as would appear 
from its tuberculostatic action in vitro, the blood concentration of phosphanilic 
acid was probably too low to be effective. This and similar e.xperiments in rab- 
bits have sho-wn the poor absorbability of this drug from the gastrointestinal 
canal. The second phosphorus compound in this series, bis (dimethyl amino 
phenyl) phosphinous acid, is absorbed ■ndth sufficient regularity, and is ap- 
parently demethylated to a sufficient degree, to yield a fairly good blood level 
which is not, however, well maintained despite its cumulative action judged on 

‘ We are indebted to Doctor E. D. Lillie of the Di-vision of Pathology for the histological 
exaroination of the tissues- 
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the basis of toxicological action. The blood level of promin was fairly uniform 
and well maintained, though perhaps it was not as high as that of diaminodi- 
phcnylsulfone when calculated in terms of its equivalent. The somewhat higher 
and more uniform blood level of diaminodiphenylsulfono, together nnth its 
stronger bacteriostatic action m vitro, may account for its superior therapeutic 
effectiveness compared wth promin. Under the experimental conditions of 
treatment the blood level of sulfadiazine was the highest, though it was not as 
uniform throughout the 24 hours as was the case with the other sulfur com- 
pounds. Attention should be called to the low rate of conjugation of this drug 
compared to the well known high rate of conjugation of sulfanilamide in the 
guinea pig. This confirms the experiments of Feinstonc and associates (30). 
The lower therapeutic effectiveness of sulfadiazine, dc.spite its higher blood levels 
compared with diarainodiphenylsulfone, could be explained on the basis of lower 
specificity as indicated by the relative tuberculostatic actions of these drugs in 
Table 1. 

Two scries of experiments with some of the foregoing drugs were also carried 
out in rabbits. 

Iq these a highly virulent bovine strain of tubercle bacilli, Ravtnel (5), was used. In 
the first series 18 r.iibbits, weighing 2.0 to 3.5 kgm., were each inoculated intravenously 
^ritb 0.016 mgm. of a fine suspension of tubercle bacilli in 1 cc. sterile salt solution. Six 
animals served as controls, 6 were treated daily with 0 1 gram per kilogram sodium sulfa- 
thiasole and 6 with 0 1 gram per kilogram phospbaniiic acid as the sodium salt, both given 
intravenously. At death the animals were autopsied and the extent of tuberculous in- 
volvement noted. This was rated from 0 to 4+ In each of the four organs showing macro- 
scopic lesions, lungs, liver, kidneys, and spleen. The sum of these divided by four gave the 
"tuberculosis index" for each of the animals, and the sum of these indices divided by the 
number of animals in the group gave the average index for the group. In the second series 
of experiments 16 rabbits weighing from 2.0 to 3 0 kgm. were inoculated intravenously 
with 0 015 mgm. of tubercle bacilli as above. Six ser^'ed os controls and 10 were treated 
intravenously daily with 0.3 to 0.5 gram of promin per kilogram, in 10 per cent aqueous 
solution. Treatment was continued until death, the longest period being 45 days when 
the last of the controls died. The drug was given in maximum tolerated doses. Doses 
of 0.3 gram per kilogram usually produced no noticeable effects, while doses of 0 4 and 
0.5 gram per kilogram often produced distressing symptoms of dyspnea. Survival time 
and post mortem findings were noted as in the preceding senes. 

The results of this study are summarized in tables 5 and G. Sulfathiazole ap- 
peared to inhibit the dissemination of the tuberculous process but had no favor- 
able effect on the survival time. Phospbaniiic acid had a more favorable in- 
fluence. This drug, however, leaves the blood stream rather rapidly, hence it is 
not possible to maintain an effective blood level with a single daily injection. 
The rapidity with which the drug leaves the blood stream when injected intra- 
venously or subcutaneously is shown in table 7. The excretion of phospbaniiic 
acid begins soon after injection. The urine turns acid and crystals, apparently 
of the insoluble acid, appear in abundance. Eighty to 90 per cent of the amount 
injected is eliminated in the urine witliin 24 hours, with practically no conjuga- 
tion. 

The toxicity of this compound is low. Rats tolerated one gram per kilogram 



TABLE 5 


Effect of sulfaihiazolc and phosphanitic acid in bovine tuberculosis in rabbits 




CONTROLS 

1 

BOCimi SULPATBIAZOI-E 

PHOSPHANTUC JlCID 

NUUBEn 

1 

Weight j 

Dai'S 1 

Tubcrcu-l 

iosis 

index 

Weight 1 

Days 

1 

Tubercu- 

losis 

index 

Weight 

Days 

Tubercu- 

losis 

index 

1 

2.0 i 

36 

2.S 

3.0 

19 

0.6 

2.6 

36 

1.2 

2 

3.0 

40 

2.5 

2.4 

40 

1.5 

2.8 

46 

2.8 

3 

3.4 

46 

2.8 

2.5 

40 

2.2 

2.9 

S3 

2.0 

4 

2.2 

47 

2.3 

2.6 

49 

2.0 

2.5 

57 

1.2 

5 

2.4 

SO 

2.2 

3.7 

S3 

2.5 

2.9 

77 

1.5 

6 

4.0 

S3 

2.2 

3.3 

70 

2.0 

3.1 

97 

1.3 

Average survival . . . j 
Average tuberculo- 
sis index 


4S.3 

2.4 


45.3 

1.8 


> 61 

1.7 ; 


TABLE 6 

Effect of promin in experimental bovine infection in rabbits 


KUMBER 

CONTROLS 

TREATED 

' Weight 

Daj^ 

Tuberculosis 
index 1 

Weight j 

Days j 

Tuberculosis 

index 

1 

2.1 

21 

0.8 I 

2.1 

16 

0.5 

2 

2.2 

24 

2.0 

2.1 

19 

1.2 

3 

2.3 

30 

2.6 

3.0 

24 

1.2 

4 

2.4 1 

31 

2.7 

2.0 

25 

1.6 

5 

2.2 

33 

2.8 

2.5 

30 

1.2 

6 

2.3 

45 

1.6 j 

2.0 

30 

2.5 

7 




2.3 

39 

I 1.5 

8 

j 



2.2 

S3 

1 1.7 

9 




2.5 

74 

1.5 

10 




2.2 

122 

1.0 

Average survival 

Average tuberculosis j 

index ] 


30.7 

i 2-1 


43.2 

1-4 


TABLE 7 

Fate of phosphanitic acid in the rabbit injected as the sodium salt 


TIME 

INTRAVENOUS INJECTION, 

' 0.3 GRAStS PER SOM. j 

BUBCETANEOUS INJECTION, 

0.6 GRABIS PER KGM. 


Blood level 


Free 

! Total 

Free 

Total 

5 minutes i 

110.0 

130.0 

i 


1 hour 

49.0 

50.0 

86.0 

97.6 

2 hours 



61.5 

86.1 

3 hours 

13.0 

13.2 



4 hours 



24.5 

25.0 

"5 hours 

4.0 

4.2 ! 



6 hours 



6.3 

6.1 

24 hours 

Trace 

Trace 

Trace 

Trace 
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injected intravenously, and in an experiment in a cat under amytal ancstliesia a 
slow intravenous infusion of 2.0 gra'ms per kilogram as a 5 per cent solution of 
the sodium salt had no effect on the blood pressure or respiration. 

The effects of promin seem definite. The survival period in the treated ani- 
mals was longer, and the extent of tuberculous infection distinctly less. Tu- 
berculous infection was present, however, in every animal; and since the dose 
used was near the toxic limit, it would seem that promin is less effective in in- 
fections with the bovine strain of tubercle bacilli than with the human. 

Comment. It has been possible to retard the tuberculous process or to check 
the progress of the disease in experimental animals by means of some of the 
sulfonamides, sulfones, and certain of the related phosphorus compounds. Rich 
and FoUis (1) were able to do this with sulfanilamide which, however, required 
toxic doses to achieve the result. In the present study it was possible to ac- 
complish similar results uith doses of drugs well within the tolerated range. This 
suggests greater specificity of some of the drugs we have used. The present ex- 
periments also indicate a close parallelism between the effects of the drugs W'e 
hav’e used in experimental animals and their tuberculostatic action in vitro. All 
the experiments taken together strongly indicate that diaminodiphenylsulfono is 
the most effective agent, both tn vitro and in vivo. The toxic nature of this com- 
pound and the extreme care with which it has to be administered, coupled with 
its high degree of specificity, make the search for more effective and less toxic 
derivatives a promising field of investigation. Diaminodiphenylsulfono appears 
to have a definitely retarding influence when administered at a level of 50 to 75 
per cent of the lethal dose. With the use of this drug as a standard for com- 
parison, the obvious aim is to develop derivatives capable of producing the same 
or better effects with dosages further removed from the toxic level. Promin does 
not fulfill this requirement, though it appears to be a step in the right direction. 

SUMMART 

A series of sulfonamides, sulfones, and certain related phosphorus compounds 
were examined for tuberculostatic action in vitro. Good inhibition in decreasing 
order of magnitude was obtained wiUi diaminodiphenylsulfone, diaminodiphenyl- 
sulfoxide, sulfathiazole, diarainodiphcnylsulfide, sulfadiazine, phosphanilic acid, 
and promin. Therapeutic tests in experimental animals showed a favorable 
effect both as regards survival time and retardation of the progress of the disease 
with diaminodiphenylsulfone, promin, and sulfadiazine. A doubtful effect was 
obtained with sulfathiazole and bis (dimethyl amino phenyl) phosphinous acid, 
and an irregular result with phosphanilic acid. The last-named drug is poorly 
absorbed from the gastrointestinal tract, and it leaves the blood stream rather 
rapidly on intravenous or subcutaneous injection, making the maintenance of a 
satisfactory blood level difficult. 
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In our earlier experiments (1, 2) it was noted that under certain conditions 
sulfanilamide and sulfapyridine inhibited grovvlh of pneumococci for a limited 
time only. Thus, in in vivo experiments (2) in which infected mice were treated 
with less than curative doses of sulfapyridine, the number of pneumococci in 
the blood remained stationary at a low level during the first four or five days of 
treatment; then, notwithstanding continued therapy, the number of orgamsms 
increased rapidly and the infection quickly overwhelmed the animals. Observa- 
tions similar to these were made in in vitro experiments (2), in which the growth 
of pneumococci in sulfapyridine-containing broth was being studied. In these 
experiments the period of grovrth inhibition terminated after 24 to 60 hours of 
incubation. Since this loss in effectiveness of sulfapyridine was not due to a 
decrease in concentration of the drug, either in the culture medium or the infected 
animal, it seemed likely that the pneumococci had in some manner adapted 
themselves to groAvth in the presence of this drug; in other words, they had 
become sulfapyridine-resistant or sulfapyridine-/as<. 

At the time these observ’ations were made there was little information on the 
phenomenon of sulfonamide resistance. MacLean, Rogers and Fleming (3) 
had reported that pneumococci acquired resistance to sulfapyridine in vivo, but 
the observed changes in sensitivity were relatively small and not entirely conclu- 
sive. MacLeod and Daddi (4) reported development of a sulfapyridine-resistant 
strain of pneumococcus by an in vitro technique, but this report was preliminary 
and gave no details as to the rate at which resistance developed. In view of the 
practical and theoretical implications of these observations on sulfapyridine 
resistance, a more complete and critical study seemed indicated. Such a study 
was undertaken mth attention being paid to the conditions of the in vivo and 
in vitro experiments mentioned above. Preliminary reports of this work have 
been presented heretofore (5, 6) ; the detailed results are presented here.* 

* Since the preliminary reports of this work were presented, Schmith (7) and Lowell, 
Strauss and Finland (8) published the results of their in vitro studies on the development 
of sulfonamide resistance by pneumococci. Thetncira development of such resistance has 
been reported by Mulder (9) and Schmith (10). Whereas the resistance developed in the 
experiments of the above workers was not as great as that produced in our experiments, the 
essential findings in the above publications agree with those reported here. 
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Development of resistance in vivo 

A. Method. One strain of type I pneumococcus and two strains of type III were used 
in this experiment. These strains had been used in our previous studies; consequently, 
their responses to sulfapyridine were fairly well established. Stock cultures of these 
organisms were passed repeatedly through mice until constant virulence and invasiveness 
were attained. Then the organisms were passed serial^' through groups of sulfapyridine- 
treated mice in the following manner. Thirtj’ to forty white mice, males, weighing 18 to 22 
grams, were infeeted intraperitoneally, each mouse receiving 10~* cc. of a 12- to 14-hour 
blood broth culture of the desired organism. Ten of these mice were kept as untreated 
controls. The remaining animals were treated with sulfapyridine. In the initial experi- 
ments, the miee infected with the type I strain received 5 mgm. doses of sulfapyridine, 
whereas those infected with the type III strains received 20 mgm. doses. These amounts, 
suspended in 10 per cent acacia, were administered by stomach tube at 2, 8, 14, and 22 
hours after infection and every 8 hours thereafter for five additional days. These treat- 
ments were based on earlier experiments which showed that 5 mgm. doses in infections 
with the type I strain and 20 mgm. doses in infections vrith the type III strains prolonged 
life for at least six days, but cured no more than one-third of the infected mice. 

Cultures of heart blood in infusion broth were prepared from at least 6 treated mice 
that died between seven and ten days after infection. These cultures were incubated at 
37.5°C. for 12 to 14 hours and then pooled; 0.5 cc. of this pooled culture was injected intra- 
peritoneallj’^ into an untreated mouse. A 12- to 14-hour blood-broth culture prepared 
from the heart blood of this mouse was used to infect a second group of mice which received 
the same sulfapyridine treatment as the first group. 

This passage procedure was repeated until the survival time of the treated mice was 
reduced to such an extent that it approximated the survival time of the untreated controls. 
Experiments with the type III strains, CHA and Wistuba, were terminated at this point, 
since in the initial experiments 20 mgm. doses of sulfapyri^ne were administered. In the 
experiments wdth the type I strain, McGovern, where 5 mgm. doses were used initially, 
additional passages were carried out with the sulfapyridine dosage increased first to 10 and 
then to 20 mgm. No doses larger than 20 mgm. were used since previous e.xperiment3 
showed that this dosage of sulfapyridine administered at 8-hour intervals had as much 
curative action as larger doses. 

At least two serial experiments, such as the above, were carried out with each of the 
three strains mentioned. The essential findings in duplicate experiments were identical. 
The results of typical experiments with each strain have been summarized in tables 1, 2, 
and 3. 

B. ResulU. Tile type III strains, CHA and Wistuba, which were naturally 
slightly resistant to sulfapyridine in vivo, acquired a high degree of resistance 
after as few as 3 serial passages. As table 1 shows, the resistance of strain CHA 
was increased markedly by the first passage. Thus, mice infected with organ- 
isms that had been passed once through sulfapyridine-treated animals (Experi- 
ment B) lived on the average only 81 hours, whereas those infected with the 
parent strain (Experiment A) lived 185 hours. The second and third passages 
produced a further increase in resistance, so that mice infected with organisms 
passed three times through sulfapyridine-treated animals (Experiment D) lived 
only 46 hours — i.e., just 20 hours longer than the untreated controls. This 
represented the limit of resistance that could be obtained using the procedure 
described, since three additional passages failed to increase resistance to the drug 
(cf. Experiments E, F, and G). 
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In contrast to the result with strain CHA, the first serial passage produced no 

apparent change in the sensitivity of strain. Wistuba (cf. Experiments A and B, 

table 2). The second passage, however, led to an enormous increase in resist- 


TABLE 1 

Development of sulfapyridine resiotaneo by type III pncumococeua, strain CIIA 
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* SP20 = 20 mgm. Bulfapyridine 2, 8, 14, and 22 hours after infection and every 8 hours 
thereafter for 6 days, or as long as the arumals survive. 


ance; thus when mice were infected with pneumococci that had been passed 
twice through treated animals (Experiment C), their average survival time was 
only 58 hours, as compared with survival times of 173 and 171 hours for mice 
infected nith the parent strain and the oi^anisms recovered from the first serial 
passage (Experiments A and B). As Experiment D shots’s, the third serial 
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passage led to a further increase in the resistance of strain Wistuba. As in the 
experiment ivith strain CHA, however, no greater resistance was acquired during 
two additional passages (Experiments E and F) . 

More serial passages were required to make type I, strain McGovern, highly 
resistant than were necessary in the experiments -with the type III organisms. 
This was probably due to the fact that this type I strain was originally much 
more sensitive to sulfapyridine than either type III strain. However, after 9 
serial passages through groups of mice treated with 5, then 10, and finally 20 
mgm. doses of sulfapyridine, strain McGovern was as resistant to this drug as 
were strains CHA and Wistuba (table 3). Comparison of Experiments A and 
J shows the striking difference in the response of strain McGovern before and 
after passage through sulfapyridine-treated animals. Thus of the mice infected 
with the parent strain (Experiment A), 40 per cent of those receiving 5 mgm. 
doses of sulfapyridine and 83 per cent of those receiving 20 mgm. doses recovered 
from the infection; the average survival times of the mice that did not recover 
were 170 and 234 hours for the respective groups. In contrast to this, 5, 10, and 
20 mgm. doses of sulfapyridine W'ere entirely without curative action against 
infections with organisms isolated from the ninth serial passage (Experiment J). 
In fact, the average survival time of the treated animals, 50 hours, was only 18 
hours more than that of the control animals. 

It is noteworthy that the resistance of strain McGovern to increasing doses 
of sulfapyridine developed progressively (cf. Experiments A to I). Neverthe- 
less, when resistance to 20 mgm. doses of this drug was well established, 5 and 
10 mgm. doses prolonged life as much as 20 mgm. doses (Experiment J). The 
explanation for this fact is not clear as yet. 

It is particularly important to note the final experiments in tables 1, 2, and 3. 
These experiments were designed to determine the effect of animal passage on 
the response to sulfapyridine. They were carried out in the same manner as 
the first experiment in each table, except that the infecting organisms were the 
parent organisms that had been passed through untreated mice once daily during 
the time required to make the different strains resistant. Comparison of the 
results of these final experiments with those of Experiment A of each table shows 
conclusively that continued animal passage per se was not responsible for the 
changes in resistance described above. 

C. Comparison of the in vitro response of the parent and resistant strains. Since 
it has been observed (2, 11, 12) that the response of pneumococci in vivo does not 
necessarily parallel their response in vitro, it seemed of interest to know whether 
these organisms that had acquired resistance to sulfapyridine in the preceding 
in vivo experiments W'ere likewise resistant to this drug in vitro. Accordingly, a 
comparative study was made of the growth of the parent and resistant organisms 
in media containing various concentrations of sulfapyridine. 

The medium selected for this work was a beef heart infusion broth (2) enriched 
with 3 per cent rabbit blood; 50 cc. quantities of this medium, containing 0, 10, 
and 20 mgm. per cent sulfapyridine, were placed in milk dilution bottles, then 
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inoculated -with 0.5 cc. of a 10“^ dilution of a 12-hour culture of the desired 
organism and incubated at 37.5®C. At various intervals, 0.5 cc. samples of 
culture were wthdra\vn, diluted serially and the numbers of organisms in appro- 
priate dilutions were determined by means of blood agar pour plates. 

TABLE 2 
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• SP20 “ 20 mgm. eulfapyridine 2, 8, 14, and 22 hours after infection and every 8 hours 
thereafter for 5 days, or as long as the amnaals survive. 


The results of typical experiments are shown in figure 1. These data show 
that the resistant strains of type I McGovern and type III Wistuba multiplied 
as rapidly in broth containing 20 mgm. per cent sulfapyridine as in control broth. 
Growth of the resistant strain of tj^pc III CHA vtis inhibited slightly by 20 
mgm. per cent sulfapyridine, but not at all by 10 mgm. per cent. Contrasted 
nith this are the results vith the parent organisms, growth of which was in- 
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TVPE HI WISTUBA 

PARENT STRAIN EAST STRAIN 

Fio. 1. Effect of Sulfatyiudine on Growth of Parent and Resistant Strains of 
Ttpe I Pneumococcus McGovern and Ttpb III Pneumococci CHA and Wistuba 

, growth in beef heart control media; — • — , growth in beef heart media containing 

10 mgm. per cent sulfapyridine; — X — , growth in oeef heart media containing 20 ragm. 
per cent sulfapyridine. 

Development of resistance in vitro 

A. Method. A type 11 pneumococcus, strain CH, was used in these experiments. This 
organism had undergone nearly 100 consecutive flaily mouse passages prior to use and was 
selected for the present study on the basts of eatlier experiments (2) which showed that it 
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was highly sensitive to sulfapyridine tn vitro. The following procedure was used to make 
this organism highly resistant to the drug. Fifty cubic centimeter quantities of beef heart 
infusion broth, containing 0, 4, 8, and 15 mgm. per cent sulfapyridine, were placed in milk 
dilution bottles. Each quantity of medium was enriched with 1.5 cc. of rabbit blood, 
inoculated with 0.5 cc. of a 10** dilution of a 12-hour blood broth culture of the parent 
organism, and then incubated at 37.5°C. At various intervals 0.5 cc. samples of the cul- 
tures were withdrawn, diluted serially, and the numbers of organisms in appropriate dilu- 
tions determined by means of blood agar pour plates. When growth had occurred in the 
■ culture containing 8 mgm. per cent sulfapyridine, the organisms from this culture were 
subcultured into plain beef heart infusion broth enriched with blood. This latter culture 
was incubated for 12 hours, then used as the source of organisms for a second experiment, 
otherwise identical with the first. This general procedure was repeated in 5 additional 
experiments; in these, however, the sulfapyridine content of the medium was increased 
gradually, until growth was obtained in media containing 160 mg. per cent of the drug 
(“saturated” media as shown in chart 7 of fig. 2).- 

In order to determine whether prolonged culture in artificial me(hB in itself altered the 
sensitivity of strain CH to sulfapyridine, the following experiment was carried out simulta- 
neously with the one just described. The parent organism was cultured in plain beet 
heart infusion broth, enriched with blood, for the same time and subcultured at the same 
intervals as the organisms that were transferred through sulfapyridine-containing broth. 
At the conclusion of these passages in plain broth, the sensitivity of this parent organism 
was studied, using a procedure identical with that described in the first test above. 

B. Results. Charts 1 to 7 of figure 2 show graphically the changes in sensi- 
tivity which occurred as type II, strain CH, was passed serially through media 
containing increasing concentrations of sulfapyridine. The first experiment 
(Chart 1) shows the response of the parent organism. Growth of this organism 
was inhibited slightly in media containing 4 mgm. per cent sulfapyridine and 
was checked completely by 15 mgm. per cent of the drug. Growth in media 
containing 8 mgm. per cent sulfapyridine was inhibited almost completely for 
nearly 48 hours, then slow multiplication occurred. The result obtained after 
6 serial passages of this organism through sulfapyridine-containing media is in 
marked contrast to that just described. After this number of passages (Chart 
7), growth was nearly as rapid in media containing 90 and 160 mgm. per cent 
sulfapyridine as in control media. The results in Charts 2 to 6 indicate that this 
change in sensitivity was brought about progressively, with a small but definite 
increase in resistance occurring even during the initial passage through the sulfa- 
pyridine-containing media. The results shown in Charts 4 and 5 are particularly 
indicative of a progressive development of resistance. Thus, in the experiment 
shown in Chart 4, the concentrations of sulfapyridine were increased too much 
over those used previously, with the result that growth failed to occur in the 
presence of higher drug concentrations than those used in the preceding experi- 
ment. In the next experiment, however (Chart 5), the concentrations of sulfa- 
pyridine were raised more gradually, with the result that growth occurred in a 
higher concentration of drug than was used previously. 

The results of the control experiment are shown in Chart 8 of figure 2. These 
data show conclusively that repeated culture of the parent organism in plain beef 
heart infusion broth was not in itself responsible for the increase in resistance 
noted above. In fact, the natural resistance of the parent organism seemed to 
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be decreased slightly follomng such treatment, since the passaged strain failed 
to grow in media containing 8 mgm. per cent sulfapyridine, whereas the original 
parent organism had been able to multiply, 

C. Comparison of the in vivo response of the parent and resistant organism. It 
seemed of interest to know whether the organisms isolated from the media satu- 
rated with sulfapyridine (Chart 7) were resistant to this drug in vivo. Before 
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* SP20 = 20 mgm. sulfapyridine 2, 8, 14, and 22 hours after infection and every 8 hours 
thereafter for 5 days, or as long as the animals survive. 

t Organisms used in this experiment were passaged through untreated mice and cultured 
in media containing 160 mgm. per cent sulfapyridine for all 12 passages. 

t Organisms used in this and the subsequent experiments were passaged through un- 
treated mice and cultured in media containing no sulfapyridine. 

the in vivo test could be carried out, however, the mouse virulence of this resistant 
strain had to be restored. This was accomplished by 12 passages of the organism 
through normal untreated mice, the blood of these passage mice being cultured 
each time in media saturated with sulfapyridine . The in vivo response of this 
organism to sulfapyridine was then studied, the infection and treatment proce- 
dure being identical nith that used in the in vivo experiments described earlier 
in this report. A similar experiment with the parent type II strain was carried 
out simultaneously. 
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The results of this study (Experiments A and B, table 4) show that the organ- 
ism that had been made sulfapiTidme-resistant in vitro was highly resistant 
in vivo? The comparison between the responses of the resistant and parent 
strains is striking. None of the mice infected with the resistant organism recov- 
ered and the average survival time of such mice was only 38 hours. On the 
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* SP20 E3 20 mgm. sulfapyridlnc 2, 8, 14, and 22 hours after iofectioo and every 8 hours 
thereafter for 5 days, or as long as the animals survive. 


other hand, 11 of the mice infected with the parent organism recovered, and the 
average survival time of the remainder was 184 hours. It should be noted that 

* It should be pointed out that pneumococci that have been made sulfapyridine-rcsistant 
in vitro are not always resistant in vivo. Thus Sealer and Schmidt (12) have found that 
3 strains of pneumococci, which had been made highly resistant to sulfapyridtne, sulfa- 
thiazole and sulfanilamide by an in vitro technique somewhat different than that described 
above, were only slightly more resistant to these drugs in vivo than were the parent 
organisms. 
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these strains were about equally invasive, the death times of untreated mice 
being essentially the same. 

Retention op kesistance. It seemed of considerable interest to know how 
long the above strains retained their resistance to sulfapyridine. Accordingly, 
the various resistant strains were passed repeatedly through untreated mice, the 
blood of these animals being cultured at each passage in infusion broth containing 
no drug. At various intervals the in vivo responses of these organisms were 
tested by means of the procedures outlined in the previous experiments. 

All 4 resistant strains, type I McGovern', type II CH, and type III, Wistuba 
and CHA, reacted in a similar manner; consequently only the results with the 
type II strain made resistant in vitro, and mth the type III CHA strain made 
resistant in vivo, are presented here. As the data in tables 4 and 5 show, passage 
of type II, strain CH, through 223 normal mice and type III, strain CHA, 
through 215 mice did not alter the resistance of these strains to sulfapyridine. 
Thus it must be concluded that sulfonamide resistance is a characteristic which 
is retained almost indefinitely once it is ivell established . However, as a previous 
study has shown (5), resistance can be lost when this characteristic is only 
partially developed. 

Discussion. As has been mentioned previously, our earlier experiments (1, 2) 
showed that under certain conditions sulfanilamide and sulfapyridine inhibit 
growth of pneumococci for a limited time only. Other investigators, working 
with pneumococci (10, 13), streptococci (14) and Brucella (16), have observed' 
this same phenomenon in varying degree. Green (15) attributed the late out- 
growth of Brucella to an increase in the amount of a growth-stimulating sub- 
stance termed “P” factor. The data in the present experiments show clearly, 
however, that the late outgrowth of pneumococci is due primarily to the develop- 
ment of sulfonamide-resistant organisms, rather than to a change in the com- 
position of the medium. 

One of the first questions raised by the present study concerns the mechanism 
involved in converting sulfonamide-sensitive strains of pneumococcus into 
resistant strains. The current experiments have shown that the development 
of resistance is a progressive process, and that when resistance is well established 
it is retained by innumerable succeeding generations of organisms. Dubos (IG) 
has pointed to these phenomena as characteristics of a process of selection. It 
seems probable, therefore, that the resistant strains are developed by selective 
propagation of sulfonamide-resistant variants. 

How these resistant variants are formed originally is a question that cannot 
be answered ivith the data available. However, judging from experiments on 
the formation of yeast variants (17), one may suggest that sulfonamide-resistant 
variants may be formed either during normal multiplication of the sensitive 
parent organisms, or in response to some injurious action of the sulfonamide. 
There is a certain amount of evidence that can be interpreted as supporting each 
of these possibilities. Thus, Frisch (18) observed that pneumococci obtained 
from a single sputum sample of an untreated pneumonia patient exhibit varying 
degrees of resistance to the sulfonamides. This observation may indicate that 
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organisms possessing varying degrees of resistance are formed during normal 
multiplication of pneumococci. On the other hand, McKinney and Mellon (19) 
found that pneumococci exposed to sulfonamides do undergo dissociative 
changes, and Beall (20) reported recently that exposure to sulfanilamide alters 
the chromosomal arrangement of certain plants; these observations suggest that 
sulfonamides may induce mutations, and it is possible that a sulfonamide- 
resistantorganismmaybeoneof themutantsformed. Itsbould be pointed out, 
however, that the process of selection following appearance of the first resistant 
variants would probably be the same, regardless of the manner in which the 
variants arc formed. 

It may be questioned whether the resistant variants formed directly from'the 
sensitive parent organisms are fully resistant to sulfapyridine. The results of 
the experiment with type II, strain CH (fig. 2), suggest that these first variants 
are only mildly resistant. IVhen these mildly resistant variants are exposed to 
concentrations of sulfapyridine that inhibit their growth, they give rise to more 
highly resistant organisms, just as did the parent pneumococci. By repeating 
this process it is possible to eliminate sulfonamide-sensitive organisms entirely 
and to obtain a culture made up exclusively, or almost exclusively, of organisms 
that can multiply rapidly in the highest concentrations of sulfapyridine that can 
be maintained in the body fluids of animals or in artificial media. 

It is noteworthy that the superficial properties of the resistant and sensitive 
organisms studied in this laboratory seem to be identical. Tl)ese properties in* 
elude morphology, capsule formation, type specificity, inulm fermentation, bile 
solubility, growth on blood agar, growth rates in beef heart infusion broth, and 
^dnilencc and invasiveness for mice. 

The above observations raise the question as to what characteristics of the 
resistant and sensitive organisms determine their responses to sulfonamides. 
This question cannot be answered satisfactorily at present. It may be sug- 
gested, however, that sulfonamide resistance might well be related to any one of 
the following properties: (I) Ca-paciiy of the organisms to inactivate the sulfon- 
amides. Inactivation of sulfonamide might be due either to the conversion of 
the drug into an inactive derivative (perhaps similar to the acetyl form) or to 
the production of sulfonamide-inhibiting substances like p-amino-bcnzoic acid. 
There is little information on the production of inactive sulfonamide derivatives 
by bacteria. On the other hand, sulfonamide-inhibiting substances have been 
found in a variety of bacteria and yeasts (15, 21, 22); and it is pertinent that 
MacLeod (23) found more sulfonamide inhibitor in the culture supernatant of a 
resistant type I pneumococcus than in similar material from a sensitive type X 
strain. (2) Capacity of the organism to convert the natural sulfonamide into its 
hypothetical “active" form. Several investigators (24-27) have suggested that 
the active principles of the sulfonamides are the oxidation products rather than 
the “natural" forms. This has not been demonstrated conclusively, but if it 
were true, then those organisms that were unable to bring about this oxidation 
would bo sulfonamide-resistant. (S) Growth requirements of the organism. As- 
suming that the sulfonamides inhibit growth by preventing utilization of an 
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essential growth material in the culture medium (22), then organisms that are 
sulfonamide-resistant must be able either to synthesize this growth essential, or 
to utilize some substitute material whose utilization is not blocked by the sulfon- 
amides. {4) The intermediary metabolism of the organism. If sulfonamides 
inhibit growdh by blocking an essential metaboUc process, then the resistant 
organism must have a different mechanism for carrying out this reaction than 
the sensitive organism. MacLeod’s observations (28) have suggested that there 
are differences in the intermediary metabolism of resistant and sensitive strains. 
According to this investigator, both strains dehydrogenate glucose at equal rates, 
but the sensitive organisms dehydrogenate lactate, glycerol and pyruvate, 
whereas the resistant strains do not do this. In this connection it is noteworthy 
that sulfap 3 rridine interfered with the dehydrogenation of the 3 carbon atom 
compounds but not with that of glucose. 

Critical studies of these various possibilities are now in progress. It may be 
pointed out that an explanation for sulfonamide resistance might assist materi- 
ally in understanding the mode of action of sulfonamide drugs. 

In conclusion, it should be pointed out that the finding that pneumococci can 
acquire resistance to sulfapyridine has practical as well as theoretical implica- 
tions. Studies in pneumococcal pneumonia (8, 29) and pneumococcal meningitis 
(30) have indicated that the resistance of pneumococci to sulfonamides does 
increase sometimes during the clinical use of these drugs. Although this problem 
has not been serious as yet, it seems likely to assume greater importance when 
these resistant organisms become disseminated by their carriers’. This may 
curtail the value of sulfonamide therapy seriously — especially since pneumococci 
that have become resistant to one sulfonamide, such as sulfapyridine, are resist- 
ant also to other sulfonamides such as sulfathiazole, sulfamethylthiazole, and 
sulfadiazine (8, 31). 


SUMMARY 

(1) One strain of type I and two strains of type III pneumococcus were made 
highly resistant to sulfapyridine by serial passage through mice treated with less 
than curative doses of this drug. The organisms that were made resistant in 
vivo were also resistant to sulfapyridine in vitro. 

(2) A sulfapyridine-sensitive strain of type II pneumococcus was made highly 
resistant to this drug by serial passage through broth containing increasing con- 
centrations of sulfapyridine. This resistant organism was also insensitive 
in vivo. 

(3) Sulfapyridine resistance was retained by the above strains for more than 
200 passages through untreated mice. 

(4) The manner in which resistant strains are developed and possible explana- 
tions for sulfonamide resistance were mentioned and discussed. 

* Sulfonamide-resistant pneumococci have been isolated from nose and throat cultures 
of patients as long as four months after clinical cure of pneumococcal pneumonia (29). 
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» Following the discovery of the pressor, oxytocic, and renal effects of posterior 
pituitary extracts, there has been considerable controversy with regard to the 
number of substances responsible for these effects. Abel and his collabora- 
tors (1, 2) maintained that the actual hormone is a “unitary" substance contain- 
ing all the activities whereas Dudley (3) early showed that at least partial 
separation of oxytocic and vasopressor activities could be effected. After 
Kamm and his colleagues (4) had achieved practically complete separation of 
these two activities, there was general acceptance of the view that at least two 
active principles (oxytocic and vasopressor) occur separately in the pars neuralis. 
This view was further strengthened by confirmatory experiments by other 
methods such as those devised in Stehle’s laboratory (5, 6). However, Abel 
(2) did not withdraw his contention that the true hormone is one substance 
but did admit that two active and separable principles could be extracted from 
the gland by appropriately drastic procedures. Rosenfeld’s (7) ultracentrifu- 
gation of chilled and clarified press-juice of ox posterior lobes also supported 
the view that oxytocic and vasopressor activities are linked together in a single 
fairly large molecule and may be liberated from the more complex unit by 
heating at about pH 4.0. 

The experiments reported here are believed to demonstrate that a pure pro- 
tein of the pars neuralis can be isolated containing constant amounts of oxytocic, 
pressor, and diuresis-inhibiting activities in ratios resembling those found m 
simple extracts of the gland. In the discussion, possible objections to this 
belief will be considered with regard to both the physico-chemical (e.g. the 
possible r61e of adsorption) and the physiological aspects of the problem. 

Methods. Physico-chemical methods. All determinations of pH were made by means 
of a glass electrode and were accurate to ±0.02 pH. The determinations of nitrogen, except 
those of table 2 for which a micro-Dumas method was employed, were all made by a micro- 
Kjeldahl method by which as little as 100 micrograms of N could be determined with an 
accuracy of ±2 micrograms. In addition to micro-determination of total sulfur, sulfur 

> A preliminary report was published in the Proceedings of the American Physiological 
Society (Amer. J. Physiol., 133 : 473, 1941). 
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distribution (cysteine, cystine, methionine, and sulfate) was investigated by the Kassel and 
Brand modification of the "Baernstein method (8). Anson’s method (9) was used to detect 
sulfhydryl groups (cysteine). Solubility determinations were made at room temperature. 
The electrophoretic characteristics of the protein were determined in the apparatus of 
Tiselius (10) ; the electrophoretic patterns were photographed by the method of Longsworth 
(11). Ultracentrifugation of solutions of the protein w'as performed in a Bauer and Pickels 
type (12) of ultracentrifugc driven by an air turbine of the turret type. The rate of sedi- 
mentation was calculated from "schlieren” patterns photographed by Philpot’s method as 
modified by Svensson (13) . In several experiments ultracentrifugation of solutions of the 
protein in separation cells was performed. 

Biological methods. Estimates of biological activity were all made in terms of U.S.P. 
reference standard of posterior pituitary powder. Oxytocic activity of various fractions 
was determined by two methods: the response of the isolated guinea pig uterus or the 
depressor effect on the fowl’s blood pressure. The ^‘physiological” solution used for the 
isolated uterus was that of van Dyke and Hastings modified to contain 0 75 roM of Ca per 
liter (14). Furthermore no Mg was added to the fluid since this cation has been found to 
increase the uterine response to the vasopressor principle (15). In determining oxytocic 
action by the depressor effect of extracts on the fowl’s blood pressure, tbc method of Coon 
(16) was largely followed. Doga and less frequently cats were employed to estimate tbc 
vasopressor activity of extracts. Doses were kept small and repeated at sufilcicntly infre- 
quent intervals to avoid tachyphylaxis. All determinations of blood pressure in the fowl, 
dog, and cat were made with the glass capsule manometer of Anderson (17). Clotting in 
cannulas was prevented by the use of a compact modification of Trendelenburg’s apparatus 
(18) to infuse slowly isotonic saline containing I5mgm. per cent of heparin. Toanesthetire 
cats or chickens 200 mgm. of phenobarbital sodium per kilogram body weight were injected 
intraperitoneally (cat) or intramuscularly (fowl); dogs were anesthetized by the intraperi- 
toncal injection of 1 ml. per kilogram of 40 per cent alcoholic solution of chlorbutanol as 
recommended by Kamm and his co-workers (4). 

In estimating the inhibition of diuresis in rats we modified Burn’s method (19) only to 
the extent of administering fluid (0.3 per cent KaCl) intraperitoneally instead of by moutb. 
As a rule either 2S or 32 rats (7 or 8 groups) were used at one time. Half of the groups re- 
ceived the standard and half received the extract to be assayed; several days later the 
same doses of the same standard or extract were administered in reverse order. Therefore, 
comparison of the extract and standard was made in the same groups of rats (7 or 8 groups 
of 4 rats each) as nearly simultaneously as possible. 

The melanosomc-dispersing action of extracts was compared with U.S.P. reference 
standard in frogs. For this purpose, normal frogs or frogs bypophysectomized by the 
method of Teague, Noojin, and Ceiling (20) were used. 

The preparation of the pure protein from extract of posterior lobes 
OF oxen, a diagram of the method of preparation is reproduced in figure 1. 
The initial suspension of freshly dUsected posterior lobes obtained from frozen 
pituitaries contains 1 kgra. of tissue in 9 1. of cold 0.01 N HsSO*. The pH of 
the suspending liquid varies little (about ±0.1 pH) from the value given if 
different batches are compared. After the mixture has been thoroughly stirred 
by an electric motor it is allowed to stand in a refrigerator (4''C.) overnight. 
The separation of the residue and of all subsequent precipitates from super- 
natants is accomplished by centrifugation. Precipitation of active protein by 
the addition of 80 grains NaCI to each liter of supernatant adjusted to pH 3.90 
(step 2) is also allowed to continue ovemight at 4®C. 

The last step by which complete purification is achieved is repeated until 
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solubility is constant. This step is carried out at room temperature which prob- 
ably is an important variable (20 to 25°C.) affecting solubility. In this final 
step, constant solubility rather than a solubility of exactly 100 micrograms of 
N per ml. is sought. In our experience the apparently pure protein may have 
a solubility as low as 80 micrograms of N per ml.; however, this solubility is 
constant in a solvent made as exactly as possible like that described in figure 1 
in the step next to the last. 

The method of extraction is not of high efficiency in terms of the total ac- 
tivity available (about 200,000 units per kg. fresh posterior lobes). The residue 


Frozen dissected posterior lobes of ox ground 
end suspended with stirring in O.OlN K 2 S 04 ;pH = 4.25 


fl 

Residue reextracted separately 

1 

pH of supnt. adjusted to 3.90. SOgm. NaCI added to each liter. 

1 

1 

Supnt. 

n 

Ppt. dialyzed Cl-free . lOgm. NaCI added to each liter. pH 
adjusted to 3.50 . 

1 

II 

Black ppl. 

1 

Equal volume of IM acetate buffer pH 3.90 added to supnt 
20gm. NaCI added to each liter of diluted supnt. 

1 

n 

Ppt. washed twice 

1 

40gni. NaCI added to each liter of supnt. and washings 
combined . 

1 

Supnt. saved 

n 

Ppt. dissolved in smallest possible vol. of water; equal vol. 
of IM acetate buffer added; NaCI added equiv. to 6.5 
gra. for each lOOcc. of buffer and water. 

1 

1 

II 


SupnI. saved Preceding step repeated until dissolved N in supnt. is 

constant (o.lOOmg. per cc. at 25°]. 

Fig. 1. Method of Preparing a Pore Protein with MnivnpiiE Activities by Extraction 
OF Fresh Posterior Pitoitaries of Oxen 

after initial extraction contains 20 to 25 per cent of total activity which canbe 
removed by boiling a sample of the groimd dissected lobes in 0.25 per cent acetic 
acid. About two-thirds of the 75 to 80 per cent total activity in the super- 
natant liquid separated from the residue is precipitated by the addition of 80 
grams of NaCl to each liter. Therefore, about 50 per cent of total activity is 
present in the precipitate at the end of the second step. During dialysis of 
this precipitate activity which apparently is non-protein is also lost; however, 
we have not attempted to estimate this loss accurately. From 1 kgm. of fresh 
glands about 700 mgm. of pure protein (>11,000 xmits) can be isolated apart 
from subsequent recoveries in supernatants of the last two steps. Samples of 
the pure protein so far isolated are amorphous. 
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Evidence that the protein isolated is pore. Constant solubility. North- 
rop and his collaborators (21) in siud}ring cij'stalline enzymes have applied 
with great success the solubility test of Sprensen in determining the presence 
of small amounts of impurity or in demoastrating homogeneity of crystalline 
enzymes. The solubility characteristics of the protein isolated in the example 
of figure 1 are shown in figure 2. Tlie solvent used was 0.5 M acetate buffer, 
pH 3.90, to which 6.5 grains of NaCl were added to each 100 ml. It is clear 
that by this test there is no evidence that more than one component is present 
either before the solvent is saturated with the protein or after twenty times the 
saturating concentration is in suspension. The amounts of protein wliich have 
been available have not permitted us to carry out solubility tests in other solvents 
which should be employed. "We have already mentioned that at different times 
or with other preparations, constant solubility in the same solvent made later 
might be as low as O.OSO mgm. of N dissolved in each ml. Variables such as 
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room temperature or slight changes in the pH of the buffer (c.g., pH 3.95 instead 
of 3.90) probably explain the variation in absolute amount of protein dissolved. 

Electrophoretic homogeneity. A large number of electrophoretic patterns of 
the pure protein have been photographed in the Tiselius electrophoresis appa- 
ratus. In figure 3, mobility per centimeter per second per volt per centimeter 
has been plotted against pH.^ The isoelectric point of the protein appears to 
be about pH 4.8. Examples of patterns photographed by the method of 
Longsworth (11) are shown in figure 4. The upper three patterns were made 
with three different preparations of pure protein at pH 3.41-3.47. At this pH 
only, of those used (fig. 3), there appears to be a second protein which is indeed 
small in comparison with the main component. The ox 3 docic activity of this 
minor substance is no greater than that of the main component in terms of 
nitrogen. At other pHs (e.g., preparation XI-85-G at pH 6.05) there is elec- 
trical inhomogeneity but no second protein can be separated. It appears that 
the minor component at pH 3.4-3.5 is closely related to the main component 
and possibly is derived from it. 

Studies of the protein in the ultracentrifuge. In the ultracentrifuge this material 
appears to be a single homogeneous protein with a molecular weight of about 
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30,000. The ihi(a on which this statement is ha^etl mo summiuized in ta!)le 1, 
which includes a detennination of the diffuMon cocirvcieiit of the fn-st solution. 
The diff\ision constant there Kivcn was determined in air a})paratus similar to 
tiio one used for the elect) ophoresjs cxjjerimcnts in wliich the Longswortli (11) 

TAIU.K 1 
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F«0- 

irui 

CON- 

CEN- 

T«A- 

1ION 

SOUVENT 


’MB 

(roises) 

: 1 

I 

(Expcatu.) 


ir 

HEUATKS 

ee'nl 

1.05 

0.1 M Acetnte 

1.0009 

0 01013 

•c. 

7.8 

1.9S X 10'“; 

2.S0 X lO'**: 

31,200 

DiEtisum eo- 

0.60 

buffer, pll 
3.30 

0.34 M NaCl 

1 

i 

i 

1.013® 

0.01Q3® 

22 0 

2.50 X I0'“ 

j 

2.61 X itr'‘ 

i 

29,700 

ellicicnt de- 
termined 
nitb same 
flohuion, 

I?o » *» ‘1.4 
X 10-1; D,* 
(cnlc.) *■ 

8 5 X 10-» 
Not com- 

0.77 

titul 0 05 ih 
ncctntc buf- 
fer, pll 3 3S 
017 M NflCl 

1.0055 

0 0I02C 

1 

1 

17.6 

1 

j 

2.37 X 

2.61 X !0->» 

29,700 

pletely ho- 
mogeneous 

1.10 

And 0.02 .4/ 
acetate buf- 
fer, pff S.S4 

0 17 M NaCl 

1.0059 

1 

o 

a 

IS 7 

! 

2.42 X IfT-”! 

1 

2 Cl X 10-“ 

29,700 

■ Also used for 

0 19 

and 0.05 M 
acetate buf- 
fer, pH 3 35 
0.17 .V N.nCl 

1.0009 

& 

0 

1 

1S.2 

i 

2 16 X lO-“i 

2 3S X 10-» 


1 separation 

1 expt. 

Inaccurate. 


and 0.1 .If 
acetate buf- 
fer, pll 3.35 







1 Boundiirics 
blurred and 
gradient too 
low 


* Estimated. 

t C'nlrulatcd constant of gcdimcntalion in water at 20®. 0 749 was Assumed to be the 
specific volume At 20®. «• 1. 15. 


scanning device was employed to obtain the difTerent pattcras. At the begin- 
ning of the experiment the boundary was alowly pushed into the middle of the 
Tiselius cell by a compensating device, and the solution was allowed to diffuse 
into the acetate buffer against W’hich it had been dialyzed. The constant was 
determined by the formula 
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where S is the diffusion area in cm,-, t the time in seconds, the maximum 
height of the curve in cm. 



» ' 2MR.47MIN. 

Fig. 5 



Fig. 6 

Figs. 5 and 6. Sedimentation Patteens of the Protein. Sepaeation Cell Used in 
Obtaining Patterns of Fig. 6 

Examples of sedimentation patterns are reproduced in figures 5 and 6. Homo- 
geneity is shown by the symmetry of the cur\'es and by the absence of significant 
displacement of the base line. The specific volume of the protein is assumed to 
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be 0.749 leading to the calculation of the molecular weight from the usual 
formula 


M 


RTs 

D{1 - V,) 


^ 30,000 


where s is the sedimentation constant, D the diffusion constant, V the specific 
volume of the protein, pthe density of the solvent, R the gas constant, and T the 

absolute temperature. The ratio ^ = 1.15 corresponds to the average value 

fo 

found for most proteins. It means that the molecule can be considered an 
oblong ellipsoid whose two axes have a maximum ratio of 3.5 provided that 
there is no solvation. 


TABLE 2 

iSomc chemical and physical jiroperlies of ■pure active protein of the posterior lobe of the ox 


Elementary analysis : 

Carbon 4S.64 

Hydrogen 6.63 

Nitrogen 16.32 

Amino nitrogen 0,054 

Phosphorus 0.027 

Sulfur 4.89 

Chlorine 0.02 

Ash 0.68 

Oxygen (by difference) 22.89 

Distribution of sulfur: 

Cysteine (nitroprusaide test) 0 

Cystine 4.3 

Methionine ? 

Sulfate 0. 1-0.4 

Molecular weight 30,000 

Isoelectric point 4. 8-4. 9 


Other properlies of the protein. Elementary analysis of the protein yielded 
interesting results which arc assembled in table 2. If one assumes that there 
is present only one free amino group per molecule, the calculated molecular 
weight would be about 26,000, — a figure in fair agreement wdth that obtained 
from the sedimentation constant during ultracentrifugation. The low phos- 
phorus content indicates that the protein is not a nucleo-protein. The high 
percentage of sulfur led to an investigation of the distribution of this element. 
In Anson’s nitro-prusside qualitative test for free sulfhydryl groups (9), the 
protein is denatured by guanidine. This test was negative for as much as 2 mgm. 
of the posterior lobe protein but was positive for 0.085 mgm. of egg albumin. 
It was therefore concluded that the molecule contains no cysteine. CJysteine- 
cystine, methionine, and sulfate were all determined by the Kassel-Brand modifi- 
cation of Baernstein’s method (8). Although samples for analysis were small, 
the results indicated that methionine probably is not present and that, in view 
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of the negative results in testing for — SH groups, nearly all the sulfur is present 
as cystine sulfur. 

The biological activity op the protein. As many methods of biological 
assay as appeared to have quantitative value vere employed. An especially 
large number of assays was made of preparation XI-1S3. Therefore, it seemed 
best to present these results in some detail to give the reader an idea of the vari- 
ability encountered by different methods. All assays were performed “blindly,” 
i.e., the concentration of active substance was known to the assayist only to the 
extent that it fell within broad limits. The U.S.P. reference standard was used 
in all cases. 

On the basis of the experiment of table 3, it is believed that about 20 micro- 
grams of N of the protein are equivalent to 1 mgm. of U.S.P. reference standard 


TABLE 3 

The potency of preparation Xl-IBS in inhibiting water-diuresis in the rat 


SUBSTANCE INJECTED 

DOSE 

NUMBEB or 
EATS j 

/• 

r « AVEBAOE 
TUfZ BEQUIBED j 
POB EXCXETION ' 
OP SO PER CENT ! 
OP URINE 

SXnO OP POTENCY 

U.S.P. 
unit per 
kgm. 

Micrograms | 
N per kgm. 

TC 

tb 

Tc-^A 

tb-'^a 



1 


mm. 



A' Control 


j 

32 

62.3 



B TJ.S.P. Stand 

0.01 


32 

118.6 

0.94 

0.88 

C Post, lobe protein 


0.08 

32 

111.8 ' 



B U.S.P. Stand 

0.01 


32 

112.6 

1.03 

i.ur 

C Post, lobe protein 


0.10 

32 

116.8 



B U.S.P. Stand 

0.01 


32 

109.0 

1 1.13 

1.31 

C Post, lobe protein 


0.12 

32 

122.8 



A" Control 



32 

66.0 




powder in diuresis-inhibiting action. The same group of 32 rats was used in all 
the experiments. These were divided into subgroups of 4 each after the tech- 
nique of Bum (19). The rats were all males weighing about 200 grams. Fluid 
was not administered by stomach tube as Burn recommended but by the intra- 
peritoneal injection of 50 cc. of 0.3 per cent NaCl per kilogram body w'eight 
just before the extract was injected subcutaneously. A given comparison, such 
as that of the standard (0.01 unit per kilogram) with the protein was performed 
at an interval of 3 or 4 days so that 4 subgroups receives standard or protein each 
time with reversal of the groups used for a particular comparison. There was 
considerable variation in the time of inhibition caused by the standard adminis- 
tered at only one dose level. However, the comparison with the protein led 
to consistent results. Less elaborate comparisons were made with 4 other pure 
preparations of the protein. In no case was the apparent potency of the protein 
TPnrpijented bv a value 20 ner cent less than the value given in table 4. 
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Assays of preparation XI-1S3 by various methods are summarized in table 4. 
With the exception of the effect on melanosome*dispcrsion in the frog, the 
results indicate that the oxytocic (isolated guinea-pig utenis or fowl blood- 
pressure), pressor (blood-pressure of cat or dog) or diuresis-inhibiting activity 
of the preparation b represented by about 10 micrograms of N per U.S.P. unit. 
In our experience assays of pressor activity are often less reproducible than the 
results with preparation XI-153 indicate. Pressor activity of other preparations 
of pure protein in some assays was represented by as much as 12.6 micrograms 
of N equivalent to 1 U.S.P. unit. 

Melanosome-dispcrsion was studied in normal or hypophysectomized frogs 
with three different pure preparations. The results were consistent and indi- 
cated, as shown in table 4, that U.S.P. extract is 2000 times as potent as our 
pars neuralis protein when this activity is tested in terms of oxytocic-vasopressor 
units. In the particular experiment cited, the solution of U.S.P. extract (after 
removal of substances insoluble in the dilute acetic acid) and the solution of 


TABLE 4 

Biological activity of pure active protein of the posterior lo&e of the ox (preparation Xl-tSS) 
(No elgoi&cant deviations were encountered in tbe assay of four other preparations) 


UXTBOO or ASSAY 

xnari or 

ASSAYS 

AVSYACt AHD S.Z. Ot WiaOCtAUS HO* 

zcN mnoe ts zqvtvaizkt to on 
vs*, cm 

Isolated guinea pig uterus 

11 

9.3 ±0.5 

Blood-pressure of fowl 

26 

10.4 ±0.4 

Blood-pressure of cat 

5 

10.4 ±0.4 

Blood-pressure of dog 

2 

0.3 

Diuresis-inbibitlon in rat... 


10.0* 

Melanosome-dispcrsion in frog 


20,000 


* See table 3 and te:rt. 


pars neuralis protein were adjusted to pH 10.5, placed in a boiling water bath 
for 4 minutes , clulled, and acidified to pH 5.O.* In hypophysectomized frogs the 
threshold dose of alkali-treated filtered acid extract of U.S.P. powder was found 
to be about 0.00025 unit per frog. 

An international (oxytocic) unit of U.S.P. reference powder is represented by 
the extract of 0.5 mgm. of powder. Authors often fail to emphasize that the 
final extract contains far less organic material than that probably contained in 
the original powder. For example, we commonly make standard extract for 
assay equivalent to 2 mgm. (4 units) U.S.P. powder per ml. The amount of 
nitrogen per U.S.P. unit in this solution is 20.3 micrograms. The figure may be 
higher in commercial posterior pituitary extracts (e.g., 35 micrograms N per 
unit). Commercial samples of Pitocin and Pitressin vary widely in the amount 
of nitrogen per unit; the lowest figures found by us were 4.6 micrograms of N 

* We owe to Dr. E. M. K. Gciling the suggestion that xnelanosome-diapcrsmg activity 
could be more convincingly evaluated if the material were first treated with alkali. 
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for 1 Hnit of Pitocin and 3.9 micrograms of N for 1 unit of Pitressin determined 
from solutions of either extract as marketed commercially. Commercial Pitocin 
was found to contain very little melanosome-dispersing activity (0.2 per cent 
that of U.S.P. extract per oxytocic unit) whereas Pitressin had perhaps 50 per 
cent the activity of U.S.P. extract in this respect. Both comparisons were 
based on oxytocic or pressor units. 

Evidence that the biologicai. activities are characteristics or the 
PROTEIN. It is well known that various investigators, notably Dudley, Kamm 
and his collaborators, and later, Stehle, du Vigneaud and their colleagues, have 
been able partly or nearly completely to separate the oxytocic and vasopressor 
activities from each other. Therefore it was of great importance to demonstrate 
as convincingly as possible whether the two principal activities of posterior 
lobe extract are or are not part of the pure protein isolated according to the 
method we have described. Later we shall discuss the reconciliation of our 
findings with those of workers who isolated the tw'O activities as separate sub- 
stances of much higher potency. 

Within the limitations of careful biological assay, different preparations of 
the pure protein are identical in either oxytocic or vasopressor activity in which 
one U.S.P. unit is represented by about 10 micrograms of protein nitrogen or 
61 micrograms of protein. This statement is based upon w’ork with five different 
preparations of the protein made from as many different batches of starting 
material. Such findings support the belief that oxytocic and vasopressor 
(including diuresis-inhibiting) activities are part of the protein and are present 
in ratios resembling those found in cruder extracts of posterior lobes of oxen. 
To furnish further evidence there will now be described efforts to detect oxytocic 
or vasopressor activities more potent than those of the pure protein. For this 
purpose fractions were secured (a) after electrophoretic migration of the protein, 
(6) after solubility tests, and (c) after ultracentrifugation. 

Fractions secured after electrophoretic migration of the protein. After a dis- 
solved protein has been electrolyzed in the Tiselius apparatus migration will 
occur slowly or rapidly depending mainly upon how close the pH of the solvent 
is to the isoelectric point. If migration is rapid or if electrolysis is continued 
long enough, fractions of the solution can be withdrawn from the limbs of the 
cells containing either virtually no protein or pure protein. In addition, as 
shown in figure 4, there appears to be a second component at pH 3.4-3.5 which 
could be separated from the main component and assayed. (At other pH values 
the same preparations appeared as one component which, how’ever, w-as electro- 
phoretically inhomogeneous.) The assays of all fractions were undertaken after 
nitrogen determinations had been made. The concentration of nitrogen in the 
“protein free” fractions was usually so low (8-20 micrograms per ml.) that the 
error of determination was relatively high and, in view of the lack of any change 
in potency, necessitated assay by only very sensitive methods such as the 
depressor effect on fowl blood-pressure. 

Our results can be summarized by stating that after electrolysis of solutions 
of the protein at pH 3.4-3.5, the protein and “protein-free" fractions were indis- 
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tinguishable in activity in terms of nitrogen. The minor component appearing 
at pH 3.4-3.5 likewise did not differ significantly in potency when compared 
with the main component — a fact suggesting that it is derived from or closely 
related to the main component. 

Fractions secured in solubility tests. In the experiment of figure 7, protein 
to various concentrations was dissolved in 0.5 M acetate buffer, pH = 3.90, and 
the equivalent of 6.5 grams of NaCl per 100 ml was added. After the NaCl 
had been dissolved, only the first three mixtures (0.048-0.072 mgm. N per ml.) 
were clear solutions; the protein in excess of saturation was in suspension in' the 



0.05 0.10 0.15 23 2.35 

Nitrogen in Suspension —Mg. per CC. 

Fio. 7. The Oxytocic AcriviTr of Dissolved Protein in Relation to Amount 
Dissolved or Suspended in 0.5 M Acetate Buffer, pH >= 3.90, to Which 6.5 
Grams NaCl per IOO Ml. Were Added 

remaining solutions. The oxytocic activity (depressor effect on fowl blood- 
pressure) was determined in the supernatant fluids (dissolved protein). With 
the exception of one aberrant result (at about 0.135 mgm. of suspended protein 
nitrogen) which was not confirmed on immediate repetition, there w'cre no 
significant variations in the activity of the supernatants. Had a less soluble 
potent impurity been present, the activity of the supernatant would have been 
lower when there was a great excess of suspended protein. If a more soluble 
potent impurity had been a contaminant, the activity would have been lower 
when all the protein was dissolved or when that present was only moderately 
in excess of saturation. 

The legend of figure 8 describes the conditions under which that experiment 
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was performed. If a less soluble active impurity (hormone) had been present, 
the washed precipitated protein, P, would have been the more potent, and the 
supernatant, containing dissolved protein as S, would have been the less potent. 
If a more soluble active impurity (hormone) had been present, P would have 
been the less potent and S would have been the more potent. The amount of 
material available permitted two careful assays of P and S by both techniques. 
The mean results which are plotted show that the activities of P and S did not 




Fig. 8. The lower curve represents the solubility of pars neuralis protein. At the first 
point (0.266 mgm. N in suspension), the protein used had been washed three times by 
dissolving in 0.5 M acetate buffer (pH 3.95) and precipitating by the addition of NaCl (6.5 
grains per 100 cc. of solvent). In this way, 54 per cent of the starting material had been 
removed. The oxytocic and pressor assays of this protein as the insoluble portion at the 
point indicated are given under P (upper rectangles). Assay of the supernatant (dissolved 
protein) was performed at 5 from a suspension (made by dissolving the protein in 0.5 M 
acetate buffer and adding 6.5 grams NaCI per 100 cc. of solvent) ten times as concentrate 
as at P and thirty times the concentration of protein in saturated solution in the NaCl 
acetate solvent. 

The pharmacological activities of P and S whether tested for oxytocic or pressor effects 
do not differ significantly. 

differ significantly in respect of either oxytocic or pressor effects. Therefore 
this experiment likewise supports the beliefs that oxytocic and pressor activities 
in a ratio similar to that of U.S.P. reference standard are parts of the pure protein 
and that principles more active than the protein could not be detected. 

Fractions secured after idtraccntrifugalion of a solxdion of the protein. In e.xperi- 
ments of this type the ultracentrifugation cell had a capacity of only 0.40 cc. 
Therefore assays were based, not upon the nitrogen of a given fraction of the 
column of liquid, but upon the distribution and total number of units placed in 
the cell before ultracentrifugation. Control assays of the same protein solution 
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not subjected to ultracentrifugation were performed for all the comparisons. 
In all cases solutions of the pure protein of the usual potency (10 micrograms 
N ^ 1 U.S.P. reference standard unit) were employed. 

In the experiment of figure 9, the protein was foimd to be pure and was centri- 
fuged until nearly all appeared to be contained in the lower half of the cell. 
Assay of the three fractions of the column showed that very little of the total 
activity (about 5 per cent) could be found in the upper half of the cell. About 
6 per cent of the theoretical total activity could not be accounted for. It appears 


FRAaiONS 
OFCaUWNOF 
SOLUTION AFTER 
ULTRACEMTRIFUGATION 


DISTRIBUTION 
OF OXYTXIC ACTIVITY 
(g-P.ut., fowl B.P.I 
IN FRACTIONS 



—Theoretical 
Activity Not 
Accounted For 


Fio. 9. Activity of Columns of Liquid in Cell after ULTRACENTiuruoATioN of Protein 
AS 1.05 Per Cent Solution in O.l M Acetate Buffer, pH «= 3.30 


fair to conclude that backward diffusion accounts for the small amount of active 
material in the protcin-frec portions of the column of liquid and that activity 
is associated with the protein. 

It will be noted that assays for pressor activity were not performed in the 
experiment of figure 9. In the separation experiment of figure 10 (see also 
table 1 and fig. G), both oxytocic and pressor activities were assayed in the liquid 
of the tw’o parts of a separation cell’ after the protein, sedimenting as a single 

* The sieve plate supporting a piece of hardened filter paper was located at about a third 
of the height of the cell from the bottom. The total volume of the cell was 0.9 ml. 
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component, had all been collected in the lowest third of the cell. The slight 
activity found in the upper two thirds of the cell corresponded to the amount 
of protein left as estimated optically. A complete separation was impossible 
since diffusion, owing to the low molecular weight of the protein, caused an 
appreciable spreading of the boundary. Rectangles I, II, and III show how 
oxytocic and pressor activities were distributed in the protein-free and protein- 
containing parts of the cell. The theoretical total activity was computed from 
assays performed simultaneously on the same protein solution which had not 
undergone ultracentrifugation. It is clear that practically all the activity, 
whether oxytocic or pressor, is associated with the pure protein and that again 
there is no evidence favoring the presence of additional small non-protein com- 
ponents with high biological activity. 


Fraction 
Of Column Of 
Solution After 
Ultracentrifugation 



Distribution of Activity 
Oxytocic Pressor 


(FowlB.P.](G.P.Ut.3 (CatB.P.] 



Fig. 10. Experiment similar to fig. 9. Sec also fig. 6. Ultraeentrifugation of 1.10 per 
cent solution of protein in 0.17 ill NaCl containing 0.05 Af acetate buffer, pH = 3.35. 


Miscellaneous observations. Digeslion by proteolytic enzymes. A solution 
of the protein at pH 3 was digested by crystalline pepsin in an incubator (37°) 
for six days so that 36 per cent of the protein present had been digested as deter- 
mined by the amount of non-protein N appearing. The incubated control had 
the same activity as the control kept in the refrigerator; the digested protem 
had about 75 per cent of the activity of the controls. Digestion by cr 3 ^talline 
trypsin (70 per cent of protein digested) or crystalline chymotrypsin (95 per cent 
of protein digested) at pH 7.6 for 43 hours caused virtually complete destruction 
of activity compared with the control solution incubated at the same pH. In 
all these experiments only oxytocic activity was tested. The results are about 
what would be expected in view of earlier work on posterior lobe extracts. 

The effect of reduction of — S — S — groups. Since in our protein nearly all 
f.hp Kulfiir aoneare to be in the form of cystine, we made a preliminary investiga- 
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tion of the activity after reduction of the protein by thioglycoUic acid or cysteine. 
Presumably dithio groups of cystine would thus be reduced to sulfhydryl groups. 

In a typical experiment, 2.0 ml. ol posterior lobe protein (0.364 mgm. N per 
ml.) were mixed with an equal volume (of tsaline or of neutralized thioglycoUic 
acid and 0.4 ml. of 0.1 N NaOH (final pH ca 7.5). Equal volumes of saline and 
thioglycollate were mixed to serve as another control. The protein solution not 
containing thioglycoUic acid could be assayed only after it had been greatly 
diluted. The control solution containing only thioglycoUic acid as well as the 
protein solution ivhich had undergone reduction ivere injected in equally large 
doses of diluted mixture into the dog or fowl used for assay. Reduction of the 
protein by thioglycollate under the described conditions abolished more than 
99.5 per cent of the activity when reduction had been aUowed to proceed no 
longer than 2-5 minutes (5 experiments). Both vasopressor and oxytocic activi- 
ties were affected to an equal extent. The alkalinized solutions of protein 
(non-reduced controls) appeared to be as active as saline solutions of the protein. 
The thioglycolUc acid control solutions produced no pharmacological effect. 

When similar experiments were performed with cysteine, the amino acid had 
a less pronounced effect probably because it is a less powerful reducing agent 
than thioglycollate. The pH of the solutions, whether controls or containing 
30 mgm. of cysteine HCl for 0.182 mgm. of protein N, was raised to about 7.5. 
C 3 ^teme Na solutions had no effect in doses equalling the maximum used for, 
other solutions. After 2 minutes’ reduction, the maximum loss of pressor 
activity was 44 per cent (2 experiments). After 5 minutes’ reduction (2 experi- 
ments) 76 and 85 per cent of the ox 3 rtocic activity had disappeared. (The dif- 
ference in time of reduction was arbitrarily chosen and has no significance.) 

The aclion of the protein on the concentration of blood sugar. Doses equivalent 
to 1 and 3 XJ.S.P. units per kilo injected subcutaneously into fasted rabbits had 
no effect on the level of blood sugar estimated by the method of Shaffer and 
Hartmann as modified by Somogyi (22). Duplicate samples of blood were 
withdrawn before injection as well as at 1, 1.5, 2, and 3 hours after injection. 
Five units of the protein per kilogram body weight caused no change in the 
blood-sugar level of another rabbit. The subcutaneous administration of 2 
units per kilogram of commercial posterior pituitary extract caused a moderate 
elevation of the blood glucose (77 mgm. per cent before injection; maximum rise 
to 119 mgm. per cent 1.5 hours after injection). We concluded that the protein 
probably docs not affect carbohydrate metabolism so far as this can be judged 
by acute changes in the level of blood sugar. 

Discussion. The protein which we extracted from freshly frozen posterior 
lobes of oxen appears to contain, in constant amounts, multiple biological 
activities as shown by its ability to cause uterine contraction, a depressor 
effect in the fowl, a pressor effect in the cat and dog, and inhibition of diuresis 
in the rat.^ These activities are present in about the same ratios as in expressed 

‘MacArthur (23) has not reported tn ezienso on the nature of the substance with multiple 
activities which he isolated. 
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tissue fluid or simple acid extracts of posterior lobes of oxen. Our results there- 
fore harmonize well with Rosenfeld’s study (7) of the ultracentrifugal sedimenta- 
tion of o.\ytocic and pressor activity. This author suggested that the two activi- 
ties can be separated by cleavage from a parent molecule and then e.xist as much 
smaller molecules sedimenting at a much slower rate. However if the protein- 
containing extract is kept as native as possible by avoiding heating in acid solu- 
tion or some other drastic procedure, then the two activities sediment as if part 
of one (or more) protein molecules. The late Professor Abel long championed 
a similar view which he maintained in his last publication in this field (2). How- 
ever, as Dale emphasized, the presence of large amounts of the melanosome- 
dispensing ("melanophore”) hormone in his preparations is a valid argument 
against his position since this hormone is derived not from the pars neuralis but 
from the pars intermedia. The protein described in this report contains virtually 
no intermedin. 

Many investigators have commented on the constancy of the ratio of oxytocic 
and vasopressor activities of beef posterior lobes and this fact suggests that 
these activities may be part of one molecule. However, in the w'hale it has 
been reported (24, 25) that oxytocic activity may be 8-10 per cent (sperm whale), 
30 per cent (blue whale), or 40 per cent (finback) of the vasopressor activity in 
terms of U.S.P. reference standard. Although such findings can obviously be 
interpreted in different ways until more data have been gathered, they speak 
against rather than in favor of the belief that both activities are part of one 
molecule. 

As a result of the pioneer work of Dudley (3) and especially of Kamm and his 
colleagues (4) followed by the confirmatory experiments of Stehle, du Vigneaud 
and their collaborators there can be no doubt that oxytocic and vasopressor 
principles can be separated from each other in highly potent form. The most 
potent oxytocic preparation reported contained 1 unit in 2 micrograms of 
solids (30 times the potency of the protein reported here) ; a vasopressor prepara- 
tion containing 1 unit in 5 micrograms of solids (12 times as potent as our protein) 
has been described. There appear to be two possible explanations permitting 
reconciliation of these facts with our belief that a protein with multiple activities 
also can be isolated; (1) the protein isolated, although pure to the e.xtent that 
present physico-chemical methods permit such a conclusion, is pharmacolog- 
ically active because of the adsorption of the highly active separated prin- 
ciples, or (S) the protein, in part composed of active principles which can be 
separated from it, is elaborated by and stored in the pars neuralis. 

It is well known that differential adsorption of the vasopressor principle by 
bentonite or artificial zeolites occurs easily under proper conditions (26, 27). 
The fact that this can be effected on an artificial zeolite if a posterior lobe extract 
in which cleavage of protein has been avoided be used (27), docs not demand the 
conclusion that vasopressor activity is only in loose physical union with the 
proteins of the gland. A powerful adsorbent can be considered to affect drasti- 
cally molecules as fragile as protein molecules. O.xytocic activity can be ad- 
sorbed by Fuller’s earth, norite, talcum and PbS. Also, apparently pure crj's- 
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talline hormone •with both activities present, has been isolated on more than 
one occasion only to lose its biological activity with repeated recrystallization 
(28). In these instances wo appear to be dealing with adsorption of the active 
principles and it cannot be denied that the biological activity of the protein 
here described may depend upon adsorbed oxytocic and vasopressor principles 
rather than upon chemical union (e.g. peptide linkages) of these principles with 
the protein. However, all the evidence \te have obtained — constanc}’' of activity 
in different preparations, absence of potency greater than that of the protein 
in fractions secured after electrophoresis, ultracentrifugation, or solubility tests, 
association of activity with the protein, — supports the view that the activities 
are part of the protein. 

Moreover, the following experimental facts are explained only with great 
difficulty by the adsorption theory. It was found* that the protein canying the 
oxytocic-pressor activity could be spread os a surface film in an unfolded condi- 
tion, since the thickness of the film was only sA as measured by the optical 
method of Blodgett and Langmuir (29). If the activities had consisted of small 
units adsorbed to the protein, either the adsorbed active units would have gone 
into solution when the unfolding occurred or they would have continued to be 
associated with the denatured protein of the film. In the first case the under- 
lying fluid should have contained all the activities and in the second the activities 
should have been recovered in the film, since it w'as not to be expected that 
unfolding of the hypothetical adsorbing protein should affect the potency of the 
assumed small units. The film was found to be nearly completely inactive and 
the potency of the underlying fluid in terms of protein N was less than that of 
the original material similarly diluted and concentrated for purposes of control. 
(The activity present could bo accounted for by the amount of protein going into 
solution at the time of spreading.) It can be concluded that unfolding virtually 
destroys the activities indicating that some part or parts of the original configura- 
tion must remain intact if potency is to be preserved. 

If the protein were subjected to beat perhaps at pH 3. 5-4.0 following which 
the dialyzability of the two (or more) principles were to be investigated, useful 
information might be secured from following the ratio of activities dialyzed or 
retained (28). In our opinion, this information can be obtained only from care- 
ful serial experiments in W'hich the rate of change is followed. We hope later 
to perform such experiments. 

The second possible reconciling explanation is that a protein containing all 
the activities is formed in the pars neuralis but that drastic methods of extraction, 
autolysis, etc. facilitate or cause tlic liberation or cleavage of the active prin- 
ciples. An important and inescapable question is: If only a single protein with 
all activities is elaborated in the pars neuralis, is it secreted unchanged? Teleo- 
logically at least this appears to be improbable and should not be accepted with- 
out proof (28). Possibly specific enzymes liberate one or the other active 
fragments of the parent molecule depending upon specific demands of the 

* Cold Spring Harbor Symposia, 9 : 272, 1941. 
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organism. So far as we are aware there have been no careful quantitative 
assays in search of multiple activities in single specimens of urine or blood under 
conditions leading to the expectation that at least one activity (e.g., that inhibitr 
ing diuresis) would be secreted in increased amounts. Such a problem is excep- 
tionally difficult to solve and would demand elaborate preliminary control 
experiments. 

We have already referred to the fact that the dials^ate of crude extracts 
obtained from fractionating extracts of fresh glands contains a considerable 
amount of biologically active material. It is our belief that this is probably 
the oxytocic and vasopressor principles, whatever their origin, mixed with other 
non-protein nitrogenous substances. Large quantities of perfectlj' fresh poste- 
rior lobes of oxen cannot ordinarily be obtained but must be collected, frozen 
and later dissected. If the protein is the sole source of active principles possibly 
.f^^^it undergoes post mortem enzymatic cleavage sufficiently to account for any 
coexisting dialyzable principles which are presumed to be separate. 

The cystine content of the protein we isolated is extraordinarily high (16.1 
per cent or 4.3 per cent cystine sulfur). It appears that all the sulfiu is present 
as this amino acid. Other investigators have reported the sulfur content of 
purified oxytocic or vasopressor principles as ranging from 3. 1-4.5 per cent. 
Improved methods of determining cystine-cy'steine and methionine have become 
available since these reports were made and the figures given by earlier authors 
as representing cystine cannot justifiably be compared with ours. However, 
it appeared that about 10-12 per cent of highly purified oxytocic or vasopressor 
principle was represented by cystine. It is noteworthy that in purifying the 
vasopressor principle Irving, Dyer and du Vigneaud (30) early separated an 
impurit}’’ containing a large amount of cystine. Although Sealock and du 
Vigneaud (31) found that whether the sulfur was present in — S — S — or — SH 
form (reduced by cysteine) seemed not to affect either vasopressor or oxytocic 
activity, Gulland and Randall (32) as well as Freudenberg and his collaborators 
(33) concluded that reduction definitely impairs activity at least of the oxytocic 
principle. Freudenberg and others found that nearly complete inactivation 
followed treatment of purified oxytocin with neutral or weakly alkaline sulfite 
or with hydrogen in the presence of Pd; sulfite as well as other means of reduction 
were employed by Gulland and Randall. In our own experiments, reduction by 
cysteine lowered both vasopressor and oxytocic (fowl depressor) potency of 
solutions of the protein. Reduction by thioglycollic acid caused nearly complete 
inactivation. Therefore we believe that the protein becomes inactive if the 
dithio groups (cystine) are completely reduced to sulfhydrjd groups. 

SUMMARY 

The isolation of a protein from frozen posterior lobes of oxen is described. 
It appears to be pure so far as this can be demonstrated bj' constant solubility 
and by “schlieren” patterns in the ultracentrifuge. Although some inhomo- 
geneity was found in the Tiselius electrophoresis apparatus, reasons are given for 
' believing this to be derived from a pure protein. The molecular weight is 
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about 30,000. The koelectric point is about pH 4.8. Empirical analysis 
re%'ealed an unusually high percentage of S (4.9 per cent) which is almost entirely 
present as part of cystine. 

Oxytocic, vasopressor, and diuresis-inhibiting activities are all present in 
ratios resembling those of U.S.P. reference standard. Ten inicrograms of 
nitrogen or 61 micrograms of solids arc approximately equivalent to 1 U.S.P. 
unit. Experiments designed to demonstrate that the oxytocic and vasopressor 
activities arc moieties chemically united with the protein are described. 

Reduction of the cystine in the protein by thioglycollic acid nearly abolishes 
the activity. In this respect cysteine is much less effective. 
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It has been shown in preceding papers of this series (1, 2, 3) that simple sub- 
stituent groups introduced into phenylarsenoxide might have any one of three 
effects on its toxicitj' and treponemicidal activity. As is indicated in table 1, 
a large group of substituents had either no significant effect, or depressed the 
activity and to.xieity to approximately the same degree, resulting in compounds 
with essentially the same (unfavorable) “chemotherapeutic index” as that of 
phenylarsenoxide (table 1, section A). When an acidic group ( — SOjH, — COOH, 
— RCOOH) was introduced into the phenyl ring, it regularly caused an extra- 
ordinary decrease in the treponemicidal activity of phenylarsenoxide without a 
commensurate decrease in toxicity. In consequence, such compounds had 
an even more unfavorable ratio of activityrtoxieity than did the parent phenyl- 
arsenoxide (table 1, section B). However, when the acidic function was blocked, 
as by ester or amide formation, compounds were obtained in which the ratio 
of treponemicidal activityrto.xicity was not merely restored to that of phenjd- 
arsenoxide, but exceeded it significantly (2, 3).' Thus, most of the amides had 
“indices” 3 to 5 times more favorable than that of phenylarsenoxide, due 
primaril}^ to their low toxicity. A similar, if less pronounced, favorable effect 
was produced by substitution with acetamido groups, the ratio of activity: 
toxicity in this series being 2.1 to 2.9 times as favorable as that of phenylarsen- 
oxide (1). A barely significant favorable effect was produced by — ^NHj and 
— OH substitution in the mela or para position (1) (compounds of each type are 
illustrated in Table 1, section C). 

Given the widely varying effects of individual substituent groups on the to.x- 
icity and treponemicidal activity of phenjdarsenoxide, the compounds described 
in the present paper were prepared in order to determine their effects when 
used in combination. 

Methods and Materials. The methods of assaying treponemicidal activity and tox- 
icity have been described in the first paper of this series (5) . 

It is to be noted that in the arsenoxides so far tested, the treponemicidal activity in vitro 


* It is interesting to note that the trypanocidal action of acid-substituted arsonic acids 
is similarly enhanced by ester or amide formation (4). 
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haa roughly paralleled the therapeutic action »» vivo, and the relative tOTicity in white mice 
has paralleled the relative toxicity in rabbits. The ratio of treponcmicidal activityrmouse 
toxicity has therefore been a valUvable first approximation of the true chemotherapeutic 
index as observed in syphilitic rabbits. 

Of the 27 disubstituted compounds included in the present report, 21 arc new compounds. 
The preparation of 19 of these has been described in detail elsewhere (0). The methods used 
for the preparation of the remaining compounds are given in the footnotes to tabic 2. Four 
compounds (the 5,4-dicarbamyl, 3,5*dic8rbamyl, 5,4-dicarbomcthoxy, and the S-acet- 
•amido'^-carbaroyl phenylarsenoxides) are not included because they were hydrolyzed in 
dilute alkali to a significant degree. A fifth compound, the 5-amino-4-acctoxy phenyl- 
arscDOxide, could not be included becai»e its low solubility at pH 7 0 precluded the testing 
of biological activity. 

TABLE I 

The effect of aotne single subsiituenta on the treponemicidal aeiivitp in vitro and toxicity of 
fhenylarsenoxide 

The following tabulation includes only those groups represented in the di- and tri-sub- 
atituted compounds of table 2. The values for the treponemicidal activity and the toxicity 
per mole are referred to those of phenylarsenoxide as 100, and the activity: toxicity ratio 
is referred to that of phenj'laraenoxide as 1. 
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Experimental results. The treponemicidal activities in vitro,' relative 
to that of phenylarsenoxide as 100, arc given in column 2 of table 2. Each value 
in that column is the mean of 4 to 8 determinations. As is evident from the 
table, the standard error of a series of determinations on the same compound 
averaged less than 10 per cent. 

The toxicity in mice, expressed as the amount per kilogram which killed 50 
per cent of the animals in four day’s, is given in columns 3 and 4 of table 2. In 
column 5, the molar toxicity is expressed relative to that of phenylarsenoxide 
as 100. 

Finally, the ratios of treponemicidal activity: toxicity, which may be taken 
as a first approximation of potential therapeutic utility, are given in the last 
column of tabic 2. 
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ity: toxicity ratio of phenylarsenoxide, did not improve when used in combina- 
tion, while the favorable effect on an amino, hydroxy, or amide substituent was 
usuall}' masked by a second inert or unfavorable group. 

The foregomg results were perhaps to have been anticipated. What was not 
anticipated was the effect of multiple substituents, when each individual sub- 
stituent was known to have a favorable effect on the activity :to.xicity ratio. 
Fifteen such compounds (numbers 13 to 27) are listed in table 2. 

In most of these combinations (cf. compounds 13-17, 22, 23, 25, 26 of table 2) 
there was no evidence of an additive effect. The activity: toxicity ratios of the 
multiple-substituted compounds were usually no greater, and often distinctly 
less than the ratio given by the better of the single substituents (cf. S-OH-5-NHj 
and S- 0 H-.^-C 0 NH 2 ). This inhibition of the favorable effect of individual 
groups when used in combination was also observed in the case of two compounds 
(numbers 14 and 25) doubly-substituted with the same group. 

There was, however, one combination of two favorable groups which did 
prove to be not merely additive, but actively synergistic. This was the S-NHj- 
4 -OH grouping of compound number 18 of table 2 (“Mapharsen”). The toxicity 
of this compound was strikingly reduced, down to tV that of phenylarsenoxide, 
while the treponemicidal activity was decreased by approximately two-thirds. 
The resulting activity: toxicity ratio of 5.5 for this compound is to be compared 
TOth the index of 1.31 for the S-NHj phenylarsenoxide and that of 1.47 for the 

4- OH derivative. We are as yet unable to explain the detoxifying effect of the 
S,4-aminophenol grouping as present in this compmmd, and the puzzle it 
presents is further accentuated by the data obtained with the following nine 
compounds listed in table 2 (numbers 19-27). 

“Mapharsen” is one of ten possible isomeric aminophenols, of which we have 
prepared and studied six (compounds 18-23). Their treponemicidal activities 
per mole were quite uniform, varying only between 34 and 57 per cent of that of 
phenylarsenoxide. However, their toxicity varied to an extraordinary degree 
(from 7 up to 79 per cent that of the xmsubstituted compound) and in con- 
sequence, the activity: toxicity ratio, which is a rough measure of potential 
therapeutic utility, varied from 5.5 to 0.54. In three of the six isomers (com- 
pounds number 18, 19, and 20 ), and unlike any other combination of favorable 
groups yet studied, — ^NH 2 and — OH substituents acting in conjunction there- 
fore had a synergistic effect in lowering toxicity, giving compounds with activ- 
ity: toxicity ratios two to four times more favorable than that given by either 
group alone. Among those three isomers, the S-NH 2 - 4 -OH compound stands 
alone with an index of 5.5. Merely reversing the two groups, as in the S-OH- 
.(-NH 2 compoimd, caused a marked increase in toxicity, and a corresponding 
drop in the activitj’^: toxicity ratio from 5.5 down to 3.9. Of the three other 
aminophenol isomers listed in table 2 (21, 22, 23) one, the 2 -OH- 5 -NH 2 phenyl- 
arsenoxide, had an activity: toxicity ratio of 1.81, only slightly greater than that 
of the simple m-NH" derivative, while in the remaining tw'o compounds ( 5 -OH- 

5 - NH 2 and 2 -OH-S-iSfH 2 ), the toxicity was high, the slight favorable effect of 
the — ^NH” and — OH groups had been altogether obliterated, and the ratio 
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of activity: toxicity was even less than that of the unsubstituted phenylarsen- 
oxide (0.78 and 0.54 respectively). 

The puzzle presented by the widely varying toxicity and potential therapeutic 
utility of these six amiuophenol isomers, despite their essentially similar trep- 
onemicidal activity, finds a counterpart in the diflference between the S,4~ 
diamino and the 5,4-dihydroxy phenylarsenoxides. The monosubstituted 
— and — OH compounds had comparable toxicities and biological activities 
(cf. table 1). Despite that similarity, the diaraino phenylarsenoxide (number 
24 of table 2) wdth a relative toxicity of 15.1, a trcponemicidal activity of 53, 
and an index of 3.5, clearly belongs with “Mapharsen" and its more favorable, 
non-toxic isomers, while the analogous dihydroxy compound (number 25 of 
table 2), with a toxicity of 112, and an activity: toxicity ratio of 0.59, is one of 
the worst compounds in the entire series. 

Another unexpected finding was the efifect of acetylation on the activity: 
toxicity ratio of “Mapharsen.” As is seen in table 1, acetylation has regularly 
had a favorable effect on the activity: toxicity ratio of amine-substituted phenyl- 
arsenoxides, One would therefore reasonably expect the acetylation of the 
5-NHs group of “Mapharsen” further to increase its already favorable index. 
Quite the contrary proved to be the case. The S-NHCOCHj-4'OH compound 
(compound 13 of table 2) had an index of 1.93, only a fraction as great as that of 
“Mapharsen” (5.5), and even less favorable than that of the simple 5-NHCOCHj 
compound.* Similarly, the favorable index of “Mapharsen” was largely abol- 
ished by the methylation of the amino group (compound D). The striking 
sjmcrgistic effect of the NHj and OH groups as present in “Mapharsen” in 
decreasing toxicity therefore seems to depend on the integrity of the amino- 
phenol grouping, and has been impaired by any substitution we have yet at- 
tempted. 

Finally, not only does the integrity of the 5-NH2-4-OH grouping seem to be 
essential for minimal toxicity, and thus for maximal therapeutic utility, but the 
introduction of a third substituent into the ring has caused a marked decrease 
in treponemicidal activity and in the activity:toxicity ratio. Two such com- 
pounds have been prepared, one with an — ^NHj and one with an — NHCOCHj 
group introduced into the 5- position (compounds number 26 and 27). In 
both cases the index w'as decreased, to 2.7 and 1.2 respectively, due entirely to a 
striking decrease in treponemicidal activity. The unfavorable effect of the 
5-NH2 substitution is particularly surprising, since that compound may be 
viewed as containing two aminophenol grouping similar to that of “Mapharsen”. 

SUMUAHT 

The effect of multiple substituent groups on the potential therapeutic utility 
(ratio of treponemicidal activity in vitroi mouse toxicity) of phenylarsenoxide 
could not be regularly anticipated from the effect of each of the groups acting 
smgly. 

* This observation may be of significance in relation to the utility of “Stovarsol" 
(3-NHCOCHj-4-OH pbenylarsonic acid) in the treatment of syphilis. 
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In general, however, and except for certain of the aminophenols, combinations 
of 2 or 3 groups were no more favorable, and often were distinctly less favorable, 
than the best one of the constituent groups: 

1) Groups wdthout any significant effect on the ratio of activity: toxicity 
(S-CHz, S-NHs, 5-Cl, 4 -OCH 3 ), when used in combination either remained 
inert, or lowered the activity : toxicity ratio. 

2) Combinations of one “good” group (S- or 4 -NH 2 , 3- or 4 -OH), and one 
“inert” or “favorable” group (S- or 4-Cl, 4 -OCH 3 , S-NO 2 , 4-COOH, 2 -NH 2 ) were, 
with only one exception, not as good as the one favorable group alone, and were 
often even worse than the unsubstituted parent phenylarsenoxide (cf. the S-NO 2 - 
.{-OH, S-C1-4-OH, 2 -OH-S-NH 2 compounds). 

3) Combinations of two or three “good” groups (S- or ^-NH 2 , S- or 4-OH, 

4 - C2H4OH, 3- or 4-NHCOCH3, 4'C0NH2) were usually no more favorable than 
the best of the component groups (ef. S-NH2-4-C2H4OH, S-NHCOCHs-^f-OH, 

5- NH 2 - 4 -CONH 2 ), and in several instances were distinctly less so (cf. 3,4- 

diNHCOCHs, S,4-diOH, 5-OH-.^-CONH2, S-NH2-4-OH-5-NH 

COCH 3 ). 

One combination of favorable groups has, however, proved actively synergis- 
tic, causing a striking decrease in toxicity, with only a slight decrease in trep- 
onemicidal activity. That favorable combination is the aminophenol group. 
Six of the ten possible isomeric phenylarsenoxides containing one amino and one 
phenolic group have been studied here, and three of these (S-NH 2 -.^-OH (“Map- 
harsen”) S-OH-.{-NH 2 , ;S-NH 2 -S-OH) gave activity; toxicity ratios of 5.5, 3.9, 
and 3.3 respectively, referred to that of phenylarsenoxide as 1, and to be com- 
pared with a maximum index of 1 .6 for the single substituent groups. No such 
synergistic effect was observed in the :?-OH- 5 -NH 2 , S-OH-ff-NH- or S-OH-S-NH 2 
phenylarsenoxides, with indices of 1.8, 0.8 and 0.54 respectively. The favorable 
index of the S, 4 -diNH 2 phenylarsenoxide (3.5) may be related to the fact that 
it could be converted to the corresponding aminophenol by partial oxidation 
in vivo. 

The favorable effect of the S-NH2-4-OH combination was impaired by in- 
troducing a 51 -NH 2 group as a third substituent in the ring, and was altogether 
obliterated by acetjdation of the amino group, methylation of the hydroxyl 
group, or by introducing 5-NHCOCH3 as a third substituent in the ring. 
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In a previous paper (1), we examined the spasmolytic actions of some sub- 
stances related to atropine and “Trasentin.” One of these, diethylaminoethyl 
fluorenc-5-carboxylate, appeared to be particularly effective and a promising 
compound for clinical trial. Since atropine is used for its depressant action on 
gastric motUity and secretion, and since these properties might be undesirable 
when such a compound is used for other purposes, it seemed indicated to study 
the modification of gastric activity by this new substance and its congeners. 

The cardia. In dogs anesthetized with barbital, the resistance of the cardia 
to inflowing water was measured by a method like that of Langley (2), but 
modified for continuous recording. Cardiospasm was produced by bilateral 
vagotomy. Against such spasm, atropine and substances of the aminoalkyl 
ester type have a weak and uncertain relaxing action. Papaverine is only oc- 
casionally relaxing, and nitroglycerine, which was the most effective of all 
substances tried, does not always relax this spasm. 

Gastric molUily. The gastric motility of trained unanesthetized dogs w’as 
recorded by a rubber balloon in the stomach, connected vith a bromoform 
manometer. Increased motUity was produced by the intravenous injection of 
insulin (0.2-1 unit per kgm., usually 0.5 unit per kgm.), after a period of starv’a- 
tion of twenty to thirty hours. The spasmolytic substances were injected intra- 
venously. TSventy-four experiments in sLx dogs were done, and the results arc 
summarized in table 1. Some typical records are shown in figure 1. 

Some of these compounds were chosen chiefly to compare their relative re- 
laxing properties on smooth muscle of an organ contracting naturally in the 
whole animal with their spasmolytic properties as observed bj- their antagonism 
to acetyl choline, histamine, and barium ions on isolated strips of intestine. 
Thus, while nos. 1 and 5 are equally active against histamine and barium, against 
acetyl choline no. 1 is eleven times more active. With all such comparisons, it is 
seen that the relaxing potency against this kind of gastric hj’pennotility is closely 
related to the potency against acetyl choline, and not to the potency against 
histamine and barium ions. 

The gastric motility in man was similarly studied in three subjects receiving 
twenty to thirty units of insulin after an eighteen hour fast. Only atropine, 

* This investigation was aided by a grant from G. D. Searlc & Co., Chicago, 111. 
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“Syntropan,” and diethylaminoethyl fluorene-9-carboxylate were studied. In 
the record seen in figure 2, it is shown that the fluorene derivative is somewhat 
more than one-twentieth as active as atropine, while “Syntropan” had no definite 
effect. These results are quite comparable with those in the dogs. Soreness 
at the site of injection was noted with the fluorene derivative, not with the other 
substances. 

Gaslric emptying time. In four of the trained dogs used in the study of 
motility, initial and final emptying times of the stomach were observed fluoro- 
scopically, after a meal of 8 gra./kgm. “Junior Milk Bone Dog Biscuit” soaked 
in 15 cc./kgm. milk, and 2 gm./kgm. barium sulfate. The drugs were injected 
intramuscularly five minutes before the meal was given. Three control experi- 


TABLE 1 





SPASUOLYTIC ACTIVITY 

NO. 

1 

COUPQT7KD 1 

*On sm&ll intestine in vilro 
against 

On stomach 


1 

i 

Acetyl 

choline 

Hista- 

mine 

Barium 
. 4'+ 

1 

Diethylaminoethyl fiuorene-S-carboxylate 1 

1 

1 

1 ■ 


2 

Trasentin j 

6 

1.5 

1.5 

•<)i(i 

3 

Syntropan 

16 

30 

20 

<«i 

4 

Atropine 

0.14 

4 

20 

20 X ml 

5 

Diethylaminoethyl fluorene-9-acetate 

11 

1 

1 

A X #1 

6 

Diethylaminoethyl 9,10-dihydroanthracene-I0- 
carboxylate 

5 

0.05 

1 

<#i 

7 

Diethylaminoethyl -1 phenyl, 2-hydroxypropionate' 

1 

20 

20 

>«3 

8 

Diethylaminoethyl I,i-diphenyl,^-hydroxypro- 
pionate 

5 

2 

2 

<«7 

9 

Diethjdaminoothyl diphenyl chloroacetate 

0.7 

0.7 

1.5 

Xfl 

10 

Diethylaminoethyl bonzilate 

0.7 

0.7 

2 

2 X IKI 

11 

Papaverine 

30 

1.5 

1.5 

<)?I 


* Eeciprocal activity ratios from Lehmann and Knocfcl (1). 


ments, three experiments with a dose of 0.02 mgm./kgm. (0.05 per cent solu- 
tion) of atropine sulfate, and three experiments tvith a dose of 2 mgm./kgm. 
(5 per cent solution) of diethylaminoethyl fluorene-9-carboxylate hydrochloride, 
were done in each dog. Table 2 gives the average values for each dog and the 
average for the group. 

Gastric Secretion. This was studied in the same four dogs. Five grams of 
“Armour’s Meat Extraet” were dissolved in 100 cc. of water and given by 
stomach tube. Every fifteen minutes a few cubic centimeters of gastric juice 
were withdrawn until the stomach was empty. Sahli's reagent (equal parts of 
KI (48 per cent) and KIOj (8 per cent)) was used for determination of the free 
acid. The total acid was determined by titration with N/lOO sodium hydroxide 
with phenolphthalein as indicator. Three control experiments, three experi- 
ments after the intramuscular injection of diethylaminoethyl fluoronc-i?-carbo,v- 



FjCi Gasthic CoNTnAcnoNS aftrr Insuun in Two Doo*^. iNTUAXESnirs 

lN'4ECnONS 

A. 1. DietUyiaminocthyl fluorenc-F-carboxylate, 0.6 mgm /kgm. 

2 picthylammoethyl diphenykcctatc, 06 mgm./kBm. 

■ ' . 0.5 mgm./kgm. 


3. Atropine, (1 06 rngm /kgra. 

Itclwecn t nnd 2, tliirtccn mimilM; between 2 and 3, four minutes. 


per cent hoUitiou), were done on each of the four dogs. Tabic 2 shows the 

jivorjifri* vnlnpt! fnr nnrh dnr. nn<5 for tbi» trmiin fnr froi^ ofid ' 
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Discussion. In a previous paper (1), the spasmolytic activitj' of a scries 
of 45 compounds was measured by the ability to cause an isolated strip of in- 
testine to relax after it had contracted intensely in response to acetyl choline, 
histamine, or barium chloride. The antagonism to the first of these was de- 
noted “neurotropic” in nature, that to the .second and third “musculotropic.” 
This procedure is in accord with the practice of many others who have made 
similar studies. The affixing of these labels is largely gratuitous, since no direct 
experimental evidence supports their implications. In our experiments on the 
small intestine in sUu, the potency of all compounds in depressing spontaneous 
motility was found to vary similarly with the potency in antagonizing spasm 










Fig. 2. Gastric Contractions after Insulin in Man. Intramuscular 

Injections 

1. Atropine, 0.5 mgm., and "Syntropan,” 10 mgm. 

2. Diethyiaminoethyl fluorene-S-carboxylntc, 10 mgm. 

Between 1 and 2, four days. 

produced by acetyl choline in vitro. The same relationship is found in this study 
of gastric motility. This is reasonable, in view of the fact that gastric hyper- 
motility produced by insulin is “central” in origin, that is, the vagus nen'cs 
must be intact for its occurrence (3). We intend to stud}’’ the action of these 
spasmolj'tic substances in other organs with varying dependence on nciwous 
structures for their motilitv. 


CONCLUSIONS 


1. Atropine and .similar substances have little relaxing action on cardiospa.'m 
produced in the dog by vagotomy. 
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2. Atropine and similar substances reduce the gastric hypcrmbtility produced 
in the dog by the injection of insulin. The comparative potency of such com- 
pounds varies similarly with their potency in depressing motility of the small 

TABLE 2 


Gastric emptying lime in minutes 



000 1 

soo 

iZ 

1 DOC jrZ j 

1 DOO «4 

1 AVZXAOC 



Fickl 1 

IiutitI 

Final 

Imtial j 

Final ' | 

'Initial 1 

Final 1 

Initial 

Final 

Control 

5.3 

338.7 

4 0 

247.0 

4.0 

229.7 

5.7 

323.0 

4.8 

284.6 

No. 1* 

9.0 

378.7 

9.3 

403.3 

6.7 

298.3 

14.0 

463.0 

9.8 

385.9 

Atropine 

Bulfate.... 

14.3 

487.7 

17.0 

444.0 

9.7 

399.6 

12.3 

618.3 

13.3 

462.3 


Gastric secretion oj free acid 


j UimTTTS 

ooo ai 

ACn> 

DOC #2 

ACID 

doo«2 

ACID 

BOO <14 

AVXSAOE 

Control 

IS 

26 


12 

13 

18 


30 

51 

42 

17 

29 

34 


45 

66 

28 

20 

32 

. 39 


60 

30 

2 

44 

55 

33 


75 

8 


74 

19 

24 


90 



53 

12 

16 


105 



13 


S 


120 



1 


0 

No. !• 

16 

1 

2 


6 

3 


30 

2 

1 


16 

8 


45 

10 

22 


34 

27 


60 

U 

16 


44 

33 


75 

9 

12 

63 

20 

26 


90 

9 


67 

9 

21 


105 

5 


44 

2 

13 


120 

3 


31 


11 

Atropine 

15 

1 

1 

1 

0 

1 

sulfate 

30 

3 

2 

2 

0 

2 


45 

2 

1 

2 

0 

1 


00 

1 

1 

2 

0 

1 


75 

2 

1 

1 

0 

1 


90 

2 

1 

2 

0 

1 


lOS 

0 

1 

0 

0 

0 


120 

0 

0 

0 

0 

0 


• See table 1. Dietbylaininoetbyl fluorene-S-c8tbo:^late hydrochloride. 


intestine, and tvith their potency in antagonizing the spasmogenic effects on 
isolated intestine of acetyl choline, but not those of histamine or barium chloride. 
3. Dicthylaminoethyl fluoreDe-5-carbo:^’Iate hydrochloride, chosen from a 
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series of 44 related compounds as most promising for clinical trial, has one- 
twentieth the potency of atropine in reducing gastric hypermotility. 

4. Diethjdaminoethyl fluorene-9-carboxylate hydrochloride has much less 
effect than atropine in delajdng gastric emptying and in reducing gastric secre- 
tion, when given in 100 times the dose. 
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Calotropis is a genus of the family Asclepiadaceae, two species of which, C. 
procera and C. gigantea, are now known to contain digitalis-like principles. 
These tw'O plants are shrubs of moderate size, six or more feet high, and give 
rise to a milky secretion when pricked or injured. C. procera is indigenous to 
the upper Provinces of India, Persia, Arabia, Egypt, Abyssinia, and Sudan, 
while C. gigantea grows in the southern parts of India, Ceylon, the Malayan 
Peninsula, and the Moluccas (2). The colloquial name of C. proecra is “Mudar” 
or “Madar" in India, and “Uschar” in Arabia. 

The root-bark and milky juice of both species have been used in India for 
the treatment of syphilis, leprosy, dj^cntcry, elephantiasis, and other ail- 
ments (3-6). Owing to their toxic properties, the same have been employed 
for homicidal and suicidal purposes (4). The natives of Arabia and Africa 
have made use of the milky sap for arrow poisons (6-8). Duncan (3) recog- 
nized the emetic action of the root-bark, and recommended it as a substitute 
for ipecac in medicine. 

Repeated chemical investigations have been carried out. Warden and 
Waddel (4) separated from the root-bark a white crystalline product, “Madar 
alban,” m.p. 139*C., CwHigO, and a yellow resin, "Madar fiuavil,” m.p. 
43®C., CigHsjOj. Duncan (3, 9), on the other hand, postulated the presence of 
"Mudarin” which he believed to be analogous to or identical wdth emetine. 
Hill and Sirkar (10) isolated two crystalline products from the root-bark of 
C. gigantea'. namely, mudarol isovalcratc, m.p. 140®C., CioHgTO-COj'CgH#; 
and akundarol isovalerate, m.p. 210‘’C., CagHsiO'CO-CgHg. 

GerT3er and Flourens (11, 12), w’orking with the milky secretion of C. procera, 
found a proteolytic enzyme and described its characteristics. Similarly, Basu 
and Nath (13) reported the occurrence of a proteinase in the milky juice of 
C. gigantea, and compared it with papain. The same authors in addition 
isolated a sterol, termed calosterol, m.p. 202-203®C., C28H«0. 

Although the emetic and other toxic effects of the root^bark and latex of 
Calotropis were repeatedly observed in animals and men (3, 11, 12, 15), it 
remained for Lewin (6) to show conclusively the digitalis-like action of the 
milky juice of C. procera. Chemists’ efforts henceforth have been directed to 

* Read by title at the New Orleans Meeting of the American Society for Pharmacology 
and Experimental Therapeutics, 1940 (1). 

* The Lilly Research Laboratories, EH lally and Company, Indianapolis. 

* Biometrician, Connecticut and Storrs Agrictdtural Experiment Stations, New Haven. 
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the isolation of these active principles. Wieland (16) succeeded in isolating 
calotropin as a chloroform addition compound. His work was followed by 
that of Jacobi (16) on the same product. Both of them withheld publication. 
It was Hesse (16, 17) who reported the details of calotropin, m.p.,221°C., 
C29H4 o 09, which he obtained from the leaves and stems of C. procera. Subse- 
quently, he announced the isolation of uscharin, decomps. 265°C., CjiHiiOaNS, 
calotoxin, decomps. 244°C., C29H450io, and calactin from the milky sap of C. 
procera and C. gigantea (17). The last substance was not characterized. 
Of particular interest is uscharin, for unlike most cardiac glycosides it con- 
tains nitrogen and sulfur in its molecule. Through the courtesy of Dr. Gerhard 
Hesse, Munich and Marburg, we have had a supply of calotropin, calotro- 
pagenin, calotoxin, and uscharin, and found all of them to have a digitalis- 
like action — thus confirming Hesse’s findings. Results in cats and frogs with 
calotropin and calotropagenin were presented in two previous publications 
(18, 19). 

The present study was chiefly concerned with the relative potency of calo- 
tropin, calotoxin, and uscharin in comparison with ouabain and other cardiac 
substances. The necessity of testing standard preparations in parallel with 
samples of unknown potency is well recognized in biological assay. It is less 
generally appreciated, perhaps, that the same variations in mean susceptibility 
may occur in investigations on new drugs. Unless older, well-known com- 
pounds are retested at the same time as the newer substances, it is impossible 
to determine how much of an observed difference in the LDbo is due to a dif- 
ference in drug potency and how much to a greater or lesser susceptibility in 
the given lot of test animals. In the present experiments ouabain served as a 
“standard,” both in determinations with frogs and in those with cats. To 
examine more fully the importance of this precaution in experiments with 
cats, eight additional cardiac principles were included as well in a single com- 
prehensive experiment. 

Relative toxicities in frogs. The comparisons in frogs were made by the 
U.S.P. one-hour method (20). Because frogs vary from one assay to another 
in their susceptibility to digitalis, the Pharmacopoeia requires that the refer- 
ence standard be retested with each sample. The same condition has been 
observed here. Ouabain served as the standard and calotropin, caloto.xin, and 
uscharin as the unknowms, in an experiment run at the same time on a single 
lot of animals. 

The results in table 1 have been computed by methods that are described 
elsewhere (21). The dosage-effect curves for the four drugs, plotted as straight 
lines in terms of probits and the logarithm of the dose, had a combined slope 
of ht = 17.9 ± 2.7. The values for the individual drugs agreed sufficiently to 
consider the four dosage-effect curves as parallel and the median systolic 
doses and their standard errors (SDso ± S.E.) have been computed on this 
basis. The SDbo’s for the four drugs may be compared with one another 
within the series, using the standard errors to evaluate the differences between 
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them. Their relative potencies in frogs, ah differing significantly from one 
another, are listed below: 


DSCO 

tMOllCQ(Al.r0XK 

XM AMITTStOUS rOUl 

Ouabain 

100 

100 

Calotropin. 

S4.4:b3.3 

69.2 ±2.7 

Calotoxin 

62.9 ±2.4 

50.8 ±1.9 

Uscharin 

35.0 ±1.4 

28.0 ±1.1 


TABLE 1 


AtsayinSrojs, in terms of onginal weights of drug 


coi£Pocin> 

tOLVnOK 

DOSE 

KnntitN 
SYSTOLZ/Nmatx 
or rtocs oaE9 

VDUM SYSTOLIC MSE 
(SDtgd:S.Z} 



film, pir (ram 


/!("*■ Periram 

Ouabain 

1:10,000 

0.8 

1/10 

1.047 ±0.026 



0.9 

3/10 




1.0 

6/20 




1.1 

6/10 




1.2 

8/10 


Calotropin 

1:10,000 

1.0 

0/10 

1.240 ±0.038 



1.1 

0/10 




1.2 

6/10 




1.3 

7/10 


Calotoxin 

1:5,000 

1.3 

0/10 

1.665 ±0.019 



1.6 

2/10 




1.7 

7/10 




1.8 

8/10 


Uscharin 

1:6,000 

2.7 

2/10 

2.992 ±0.091 



3.0 

6/10 




3.2 

7/10 




4.0 

10/10 




6.0 

10/10 



Relative toxicities in cats. Experimental procedure. The relative toxicities in 
etherited cats of the digitalia-Iike principles of Calotropis, calotropin, calotoxin, and 
uscharin, of ouabain, and of eight other cardiac principles were detennined simultaneously, 
every drug being tested on one cat on each of the twelve days of the experiment. Six cats 
were run at 10:30 a.m. and six at 2:30 p.m, by three observers, each injecting two cats at the 
same time. During the experiment every drug was tested six times in the morning and six 
times in the afternoon and twice during each period by each of the three observers. In this 
way any differences in the jusl*toxic dose associated with days, with the morning or after- 
noon, or with observers were so balanced that they could not bias comparisons between 
drugs. To meet these requirements, the rows and columns of the 12 x 12 Latin square given 
by Fisher and Yates (22) were randomized to obtain the design shown in table 2. The col- 
umns in table 2 represent the 12 dates of the experiment, noted across the top, the rows the 
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time of daj' and observer as indicated in the left margin, and the letters A to L the 12 drugs, 
which are listed in alphabetical order in table 3 with the results on the individual cats for 
each day. 

The principle of the assay method was that of Hatcher and Brody (23). A 1:20,000 
dilution of each of the 12 drugs was freshly prepared daily from a 0.1 per cent stock solution 
containing 47.5 per cent alcohol, and injected into a femoral vein at the rate of 1 cc. per 
minute. Death was determined by means of a stethoscope, and the injection was'termi- 
nated as soon as the heart sound disappeared. Ether was employed as the anesthetic. 

Since death is due to cardiac arrest, the toxic dose may be related more closely to heart 
weight than to body weight. Although heart weight increased proportionately with the 
body weight in both males and females in a series of 327 cats used in cardiac assays, their 
hearts after careful dissection weighed from 0.30 to 0.60 per cent of the total body, averaging 
0.41 per cent. The distribution of percentage heart weights over this range is shown in 

TABLE 2 


Randomized design for the cal assay (see text) 


TIME 

OB5ES\^& 

DATE 

3/6 

m 



189 

189 

189 

B 

B 


IIQ 

IB 

10:30 a.m. 

I 

I 

H 


n 

H 

G 

F 

IC 

D 


A 

c 



K 

G 


11 

I 

B 

L 

C 

E 

El 

D 

A 


II 

B 

L 

G 

c 

D 

J 

K 

E 

H 


F 

I 



E 

D 

F 

1 G 

J 

K 

A 

L 


I 

B 

H 


III 

C 

K 

A 

B 

F 

L 

I 

D 


H 

B 




r 

H 

K 

E 

G 

c 

D 

B 


L 

B 


2:30 p.m. 

I 

j 

C 

E 

i K 

A 

I 

H 

F 

B 

G 

Bi 

B 



D 

F 

I 

A 

L 

E 

C 

G 

J 

B 

H 



II 

A 

B 


D 

E 

F 

G 

H 

I 

J 

K 




H 

E 


J 

C 

A 

B 

I 

K 

D* 

G 

11 


III 

G 

I 

D 

P 

K 

H 

J 

A 

L 

C 

E 

B 



L 

A 

H ) 

I 

B 

D 

E 

J 

F 

K 

C 

G 


* This cat aberrant and replaced by another run on 3/2S. 


figure 1 . To test whether the use of heart weight rather than body weight would permit a 
more sensitive discrimination between the cardiac substances in the present series, the heart 
was also dissected out upon the death of each cat and weighed. 

One cat in the original series, that given calotoxin on 3/27, died soon after the beginning 
of injection, presumably duo to asphyxia. This cat was omitted, therefore, from all calcu- 
lations and in the final estimates of the median lethal dose replaced by a new cat tested on 
3/28 as listed in table 3. 

Analysis of the data. Briefly, all basic computations were made in terms of 
logarithms since logarithmic units vary more uniformly and symmetrically 
than arithmetic units (24). It was revealed that the comparison would be 
most precise if the dose were related to the heart weight rather than to the 
body weight. Further, in adjusting dosage for size of the heart, the weight 
of the heart was raised to the -f power (25). 




























TABLE 3 — Continued 








1 TATAL DOSE BASED OH 

DXUO 


DATE 

££X 





IAB1X2 

WEIGHT 

WnCHT 

Body 

weight 

Heart 

weight 








ktm. 

tTom$ 

Utm. per 
ktm. 

utm.per 

from 

Calotropin 

E 

3/6 

F 

2.039 

8.7 

97.7 

22.9 



3/7 

M 

2.421 

9.1 

108.4 

28.8 



3/8 

F 

2.547 

9.3 

87.9 

24.1 



3/9 

M 

2.372 

9.0 

119.0 

31.4 



3/13 

F 

2.474 

9.9 

90.3 

22.6 



3/14 

F 

2.604 

11.2 

121.7 

28.3 ' 



3/16 

P 

2.240 

9.6 

99.5 

23.2 



3/21 

M 

1.825 

6.1 

109.7 

32.8 



3/24 

F 

1.904 

9.3 

113.6 

23.3 



3/27 

M 

1.864 

7.2 

96.2 

24.9 



3/30 

M 

1.792 

7.1 

121.4 

30.6 



4/3 

F 

2.256 

9.0 

78.3 

19.6 

Convallotoxin 

F 

3/6 

F 

1.703 

5.4 

63.6 

20.1 



3/7 

•F 

2.755 

8.6 

69.8 

22.4 



3/8 

F 

2.306 

10.0 

111.6 

25.8 



3/9 

F 

2.541 

11.4 

90.3 

20.1‘ 



3/13 

M 

2.668 

11.6 

90.9 

20.9 



3/14 

M 

2.505 

10.4 

76.7 

18.4 



3/16 

F 

2.374 

7.5 

47.7 

15.1 



3/21 

M 

1.735 

6.5 

77.0 

20.6 



3/24 

F 

1.899 

7.4 

72.7 

18.6 



3/27 

F 

1.768 

5.8 

59.5 

18.1 



3/30 

M 

1.881 

7.3 

83.8 

21.6 



4/3 

F 

2.188 

9.9 

69.5 

15.3 

Coumingine HCl 

G 

3/6 

M 

1.983 

7.8 

116.5 

29.6 



3/7 

F 

2.014 

9.3 

110.0 

23.8 



3/8 

P 

2.132 

8.3 

110.2 

28.3 



3/9 

F 

2.284 

8.4 

109.9 

29.9 



3/13 

F 

1.766 

6.6 

135.3 

36.2 



3/14 

P 

1.952 

8.3 

86.6 

20.4 



3/16 

F 

2.269 

9.7 

92.6 

21.6 



3/21 

P 

2.793 

11.9 

90.4 

21.2 



3/24 

P 

2.725 

8.4 

102.0 

33.1 



3/27 

M 

2.516 

9.6 

86.2 

22.6 



3/30 

F 

1.771 

6.7 

142.6 

37.7 



4/3 

F 

1.841 

7.0 

135.8 

35.7 

Cymarin 

H 

3/6 

F 

2.196 

9.4 

83.1 

19.4 


3/7 

F 

2.054 

8.7 

110.2 

26.0 



3/8 

F 

2.430 

9.2 

87.3 

23.0 



3/9 

F 

2.661 

9.9 

100.1 

26.9 



3/13 

F 

1.615 

7.1 

95.7 

21.8 



3/14 

F 

2.375 

8.6 

91.2 

25.2 



3/16 

F 

2.072 

7.8 

87.1 

23.1 



3/21 

F 

2.032 

7.6 

117.2 

31.7 



3/24 

P 

2.247 

8.5 

82.0 

21.7 



3/27 

F 

2.297 

7.4 

103.8 

32.2 



3/30 

F 

2.446 

7.6 

99.7 

32.1 




t *701 

r. 4 

04.5 

26.4 
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wticat 

WElczrt 

Body 

wtleht 

Heart 

1 weight 







iim. 

xramt 

itfm. fit 

iim. 

Utfn. f*r 
tram 

Emicymarin 

I 

3/6 

F 

2.285 

8.9 

146.7 

37.6 


3/7 

F 

2.328 

10.3 

173.1 

39.2 



3/8 

M 

1 2.278 

1 8.2 

, 97.8 

; 27.2 



3/9 

M 

2.419 

10.8 

203.6 

45.6 



3/13 

F 

2.218 

10.1 

125.3 

27.6 



3/14 

F 

' 2.414 

11.7 

195.7 

40.4 



3/16 

M 

2.174 

8.9 

98.2 

24.0 



3/21 

M 

1.069 

8.1 

113.1 

27.5 



3/24 

M 

1 2.053 

8.1 

145.9 

37.0 



3/27 

F 

2.121 

7.8 

97.6 

26.5 



3/30 

P 

1 1.812 

6.5 

163.8 

45.7 



4/3 

1 

2.273 

9.2 

144.1 

35.6 

Ouabain 

J 

3/6 

M 

2.105 

8.3 

112.9 

28.6 



3/7 

M 

2.573 

10.9 

1 72.8 

17.2 



1 3/8 , 

F 

1.827 

6.7 

85.7 

23.4 



3/0 

F 1 

2.197 1 

9.4 

106.2 

24.8 



3/13 1 

M i 

1 . 6 S 0 ! 

7.0 

6 S .8 

21.3 



3/14 1 

M 1 

2.820 1 

10.9 

72.0 

18.0 



3/16 

F 

2.093 

8.9 

73.1 

17.2 



3/21 

M 

2 . W 7 

8.6 

100.7 

23.9 



3/24 

M 

2.440 

9.6 

64.8 ' 

16.5 



3/27 

F 

2.310 

9.1 ! 

87.1 

22.2 



3/30 

F 

2 . 1 C 7 ' 

7.1 1 

93.6 

1 28.6 


1 

4/3 

M 

1.809 i 

7.7 1 

95.7 

22.5 

Periplocyroaria 

E 

3/6 

M 

2.653 

11.9 

20 S .8 

45.9 



3/7 

F 

2.022 

8.5 ' 

123.6 ! 

29.4 



3/8 

M 

1.831 

7.4 ' 

132.2 

32.7 



3/9 

F 

2.310 

7.3 ' 

140.7 

44.5 



3/13 

F 

1.803 

8.6 

156.9 

33.0 



3/14 

F 

2.252 

10.0 

203.4 , 

45.8 



3/16 

F 

2.203 

0.8 

123.6 ' 

28.5 



3/21 

F 

2.104 

7.4 ' 

141.4 ' 

40.2 



3/24 

M 

2.611 

9.6 1 

199.0 1 

54.1 



3/27 

F 

2.400 

9.6 ' 

111.6 1 

23.6 



3/30 

F 

1.773 

7.3 

252.1 

61.2 



4/3 

F 

2.223 

9.2 

133.7 

32.3 

Uscharin 

L 

3/6 

F 

2.187 

8.8 

151.6 

37.7 



3/7 

F 

2.169 

8.4 ' 

123.3 1 

31.8 



3/8 

M 

2.275 

8.7 

185.3 

48.4 



3/9 

F 

2.309 

8.2 

156.3 

44.0 



3/13 

M 

1.000 

8.0 

180.5 

43.0 



3/14 

M 

1,960 

7.7 

140.9 

36.0 



3/16 

F 

2.207 

0.7 

163.3 

37.2 



3/21 

M 

2. 570 

9.9 

109.3 

2 S .4 



3/24 

F 

2.222 

8.5 

123.3 

32.2 



3/27 

F 

2.169 

C .5 

127.5 

42.6 



3/30 

M 

2.325 

8.0 

101.5 

26.6 



4/3 

F 

1.802 

7.1 

210.9 

53.5 
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Several other factors in the present experiment have been balanced in the 
design as insurance to prevent their biasing our estimates of relative potency. 
The amount of variation excluded by this precaution can be measured readily 
by the analysis of variance (26), which has been computed in logarithmic 
units for both the customary /»gm. of drug per kilogram of body weight and 


70 , 


so 


JC 


OT 

H 

< 



RATIO OF HEART WEIGHT TO BODY WEIGHT X 10,000 

Fig. 1. Distsibction of Ratio of Heart WEionr to Body Weight (X 10,000) IN' HI 

Made and 186 Female Cats 


TABLE 4 

Comparison of sources of variation in the cal assay in tables 2 and S by the analysis of variance, 
in terms of the fatal dose per kgm. of body and of the fatal dose per {gram) J of heart, both 


expressed in logarithmic units 


VARIATION* 

DECSEES OF 
niEEOOU 

, ' BASED OH BODY WEIGHT | 

BASED OH HEART WEIGHT 

Mean square ] 

F 

Mean square , 

P 

Between days 

11 

.01216 

1,46 

.01254 

1.64 

A.M. vs. P.M 

1 

.01169 

1.39 

.01722 

2.25 

Between operators 

2 

.01703 

2.04 

.01592 

2.08 

Between drugs 

“ i 

.08678 

10.42 

.08144 

10.65 

Composite error 

117 

.008331 

1.00 

.007045 

1.00 


pgm. of drug per “surface unit” of heart or (weight of heart)?. Table 4 
shows for each component at the left the degrees of freedom, mean square of 
the deviations and the ratio (F) of these mean squares to the composite ex- 
perimental error. The reduction in the experimental error when dosages were 
ftfl •fnr ci^f» nf henrt, ratlier than for body weight is evident. The varia- 
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tion between days over the relatively brief period of less than a month, between 
morning and afternoon and between operators in the same laboratory, ex- 
ceeded the experimental error, bo that the experiment gained precision by segre- 
gating these factors even though they uiere not statistically significant. On 
the basis of their original weights, the drugs differed very significantly in 
potency. 

Logarithms have been used in comparing drug?5 in part because the mean 
log-dose is an estimate of the median or log-LDjo and its antilogarithm tlie 
geometric mean or LDjo. Whether drug potencies can be compared satis- 
factorily in terms of the LD^'s alone depends upon the several drugs agreeing 
with each other in their variability as measured by the standard deviation 
of the individual log-dosc. When adjusted for heart size, as in the second 
part of tabic 4, but including effects of date, hour, and operator, the standard 
deviations for the separate drugs varied from 0.057 to 0.132. Yet a chi-square 
test for the scries as a whole indicated no significant difference {P — .12) 
from their mean, s = 0.0905. The use of a single standard deviation for all 
drugs thus having been justified, the appropriate value for their comparison 
W'as that based upon the “compositcerror” in table 4, excluding effects of date, 
hour, and operator, or s «= \/.007645 = O.OS74. In terms of this standard 
deviation, a differe nce b etween the log-LDw’s for any two drugs of less than 
(0.0874) 0-981) V'2/12 ®= 0.0707 could not be considered significant, a dif- 
ference between 0.0707 and 0.0843 should be viewed as doublfullysignificant, 
and only tliose greater than 0.0843 can be regarded as established differences 
in potency. When potencies from a large group selected at will were compared 
at the end of the experiment, the difference corresponding exactly to odds of 
1 in 20, the usual level of significance, has not been solved by the mathematical 
statisticians, so that values between apparent odds of P ~ .05 and P « .02, 
as above, would be considered ^‘doubtfully significant.” 

Relative potencies tn cats. Most reports on the potency of cardiac principles 
in cats have been stated in units of drug per kilogram of body weight. The 
geometric mean computed from such values is an estimate of the dose killing 
50 per cent of the cats or the LDjo. The second column of table 5 gives tho 
LDso and its standard error in ^igm. per kilogram of body weight for the 10 
drugs in this series reported prc\'iously from this laboratory (27-30), each 
based on 10 to 37 cats but covering a period of several years. The next column 
of the table shows the LDjo's obtained simultaneously during the present 
experiment, with standard errors computed separately for each drug from 
the dosages in table 3. In both series the potencies are in terms of the orig- 
inal (not anhydrous) w’cight of drug. For half of the drugs the present de- 
termination of the LDw does not differ significantly from that reported previ- 
ously, but for four drugs the two determinations differ significantly and in the 
other case the difference is nearly significant. A discrepancy of this magni- 
tude demonstrates that determinations of the lethal dose in cats, even when 
made by experienced w’orkers in the same laboratory, arc not independent of 
changes in the level of susceptibility as baa generally been assumed. One 
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would place considerably more reliance, therefore, in a- ranking of potencies 
based upon the present experiment. 

Since several of the compounds contained water or alcohol of crystalliza- 
tion, they were dried by heating in a high vacuum to constant weight and 
the loss in weight determined. Three of the compounds, coumingine HCl, 
periplocymarin, and uscharin, were already in an anhydrous state, but the re- 
maining nine lost from 0.14 to 19.87 per cent in weight on dr 3 nng, as shown 
in the fourth column of table 5. Periplocymarin when freshly prepared con- 
tained a molecule of alcohol of crystallization (30), but it apparently had lost 
the latter on standing. The determinations of LDso have been corrected, 
therefore, to an anhydrous form' and are given in /igm. per kilogram of body 
weight in the filth column of the same table. 

TABLE 6 


Median lethal doses (LDeo), and relative potencies in logarithms (M) and in percentages for 
12 cardiac drugs^ computed from data reported previously {2d column) and from those in 
table S {remaining columns) 


! 

Dxno 

ZDIO BASED OU BODY WEtGUT (wlTH 
SOLVENT OT CRYSTALLIZATION) 

LOSS or 

WEIGHT ON 
DRYING 

loit IK ANHYDSODS TORU BASED OK 

Old data 

New data 

Body weight 

SHeirtwtigit 


fitvi. ptT kirn. 

USm, per ktm. 

per cent 

iMfm. per him. 

if 

per ten! 

Convallotoxin 

75.5 

± 

3.7 1 

81.1 

± 5.2 

8.21 

74.4 

± 4.8 

.0471 

111.5 

Ouabain 

119.1 

± 

3.0 

106.8 

± 5.4 

19.87 

85.6 

± 4.4 

0 ■ 

100.0 

j3-Antiarin 

102.0 

:dz 

5.8 

102.2 

± 3.5 

8.33 

93.7 

± 3.2 

-.0443 

90.3 

a-Antiarin 

128.2 

± 

4.3 

99.1 

± 5.7 

3.26 

95.9 

± 5.5 

-.0592 

87.3 

Cymarin 

125.2 

± 

3.8 

97.8 

± 3.1 

2.45 

95.4 

± 3.0 

-.0666 

85.8 

Calotropin 

119.3 

dd 

3.0 

105.2 

± 4.3 

2.29 

102.8 

± 4.2 

-.0810 

83.0 

Coumingine HCl. . 

145.4 

dz 

9.4 

108.2 

± 5.6 

0 

108.2 

± 5.6 

-.1076 

78.1 

Calotoxin 




112.3 

±10.6 

0.70 

111.5 

±10.5 

-.1177 

76.3 

Emicymarin 

161.8 

±13.0 

143.7 

±11.0 

4.25 

137.6 

±10.5 

-.2019 

62.8 

Bufotalin 

126.0 

± 

9.2 

136.2 

±10.4 

0.14 

136.0 

±10.4 

-.2140 

61.1 

UBcharin 




144.5 

± 9.3 

0 

144.5 

± 9.3 

-.2400 

57.5 

Periplocymarin 

149.9 

dr 

6.1 

155.3 

±11.6 

0 

155.3 

±11.6 

-.2571 

55.3 


As has been shown, heart weight gave a more adequate adjustment for 
differences in the size of cats than the weight of the body, leading to a smaller 
composite error. Hence the figm. per unit of heart “surface” gave the most 
precise ranking of potency for the 12 drugs. These are listed in the last two 
columns of table 5, where ouabain has been used as a standard. The log-ratios 
of potency, M, in the first of the last two columns show that calotropin and all 
succeeding drugs in the list have a significantly smaller potency than ouabain. 
Any two drugs may be compared with each other, however, by subtracting 
their values of M, the antilogarithm of the difference measuring their relative 
potencies. Differences between selected values of M which do not exceed 
±0.0707 cannot be considered as significant and only those larger than ±0.0843 
as certainly significant. Comparison of the percentage potencies in the last 
column with corresponding values based upon body weight shows that the two 
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series egrec within a few per cent in every case, and in only two p^rs of drugs, 
which had almost the same tojdcities, was the order reversed between the two 
criteria. 


SUMMARY 

1. Of the three digitalis-like principles of Calotropis, their potencies relative 
to each other and to ouabain were in the following order when tested in parallel: 


Sinci IR AHSYSaOVS TOUf 

ctnocs 

OtCATS 


144 

121 

Calotropin 

100 

100 

Calotoxin 

70 

02 

Uscharin 

42 

69 


All differences were significant except that between calotropin and calotoxin 
in cats. 

2, By simultaneous comparison of the above 4 drugs with 8 other cardiac 
principles in etherized cats, their potencies in anhydrous form r lative to 
ouabirin were convallotown 112, ouabain 100, /9-antiarin 90, a-an iarin 87, 
cymarin 86, calotropin 83, coumingine HCI 78, calotoxin 7C, cmicy^marin 63, 
bufotalin 61, uscharin 68, and periplocymarin 55. Differences between pairs 
in the above aeries that are less than 18 per cent of the smaller potency cannot 
be considered significant. 

S. For 10 of the above drugs, the median lethal dose bad also been deter- 
mined individually over a period of several years and in four cases the new' 
values (hffered significantly from the earlier determinations, demonstraring 
the importance of parallel tests witli group standards in experiments on the 
toxicity of cardiac substances to cats. 

4. The lethal dose in cats showed a closer relation to the size of the heart, in 
terms of the f power of its fresh weight, than to the weight of the body, so that 
comparisons of drugs corrected for size of heart were the more precise and 
have been quoted in the summary. Due to tlie high correlation between heart 
weight and body weight, relative potcnci^ determined by both procedures 
agreed within a few per cent. 
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A STUDY OF ANTIDOTES FOR FLUORINE 
S. ^URCOVITCH AND W. W. STANLEY 
From tht Deparlmtnl of Entomology, Agricultwal Experiment Station, Univeraity of 
Tennessee, Nnozvtife 

Sodium fluoride is commonly used as a roach powder. WTien left around 
the kitchen it is sometimes mistaken for baking powder. This fact received 
considerable publicity (I) recently when 11 men died and 52 became ill from 
eating pancakes made Vidth roach powder. The sodium fluoride was mistaken 
for baking powder at the Salvation Army in Pittsburgh. From 1 to 2 teaspoon- 
fuls of baking powder per cup of flour is commonly used in pancakes. It is 
thus possible for one to get from 5 to 10 grams of sodium fluoride, which is 
considered a fatal dose. To prevent sodium fluoride from being mistaken for 
flour, sugar, or baking powder, some manufacturers are now coloring this 
insecticide a nilc blue. As a further precaution the National Pest Control 
Association suggests the importance of knowning more about the antidotes 
for fluorine and the possibility of mixing these nith the fluoride. Studies tvero 
therefore made at the Tennessee Agricultural Experiment Station with these 
'suggestions in view. 

The Fluoborates. The past season an opportunity presented itself for 
testing sodium fluoboratc (NaBF«) as an insecticide. Xluch to our surprise 
this compound showed no toxicity to insects when fed in the powdered form, 
although it contains OS per cent soluble fluorine. This was tested further on 
white rats. Sherman B diet was used and sodium fluoboratc added to produce 
0.1 per cent fluorine. The animals made normal gains in weight on the fluobo- 
rate diet, which again proved non-toxic. It appears that in NaBF< the BF* ion 
is but slightly dissociated. The controls given sodium fluoride lost weight 
steadily. 

In the next series tests were conducted to sec if small amounts of the fluobo- 
rate in the drinking water would cause striations on the teeth. Solutions of 
sodium fluoboratc and potassium fluoboratc ntsre made up to contain 11 parts 
of fluorine per million. A stock solution of one gram in 400 cc. of water was 
used. At tlic end of 5 weeks the teeth of the rats were distinctly striated. In 
the course of the work the fluoborates were found to undergo slow hj'droli’sis 
when dissolved in water, probably in accordance with the folloning equation: 

NaBF^ + 3HiO = B(OH)j + NaF + SHF 

Sodium fluoboratc in a one per cent solution shows a pH of 3.G. Just after the 
solution is prepared 0.05 cc. of 0.1 normal KnOH will neutralize I cc. of it. 
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After the solution has stood for 9 da3^ 1 cc., and after 45 daj-s 1.5 cc. of 0.1 
normal NaOH y,t 11 be required to neutralize 1 cc. of sodium fluoborate. A steady 
hj'drolj'sis is thus seen to take place. A one per cent solution of potassium 
fluoborate shows a pH of 6.0 and h5'drolj'sis takes place somewhat more slowly 
in it. 

Another series of rats were given potassium fluoborate in the drinking water 
at the rate of 7 p.p.m. of fluorine. The solution was prepared each day to pre- 
vent hydroij'sis. At the end of 5 weeks the teeth showed no striations, while 
the control rats, with 7 p.p.m. fluorine as sodium fluoride, shorved distinct 
striations. 

Since the fluoborates possess a complex ion in which the fluorine is tied up, it 
was thought that boron or boric acid might act as an antidote for fluorine in 
accordance with the following equation; 

4NaF -b 3HC1 + H3BO3 = NaBFi + 3 FTaCl + 3H30 

This reaction does not go to completion in the presence of water, but may 
do so when the solution is heated sufficiently to drive off the wmter. Neverthe- 
less considerable fluoborate is found even in the presence of water. A stock 
solution was made up as follows; 


NaF 

HtBO, 

HCl (Cone.) 
Water 


1 gram 
0.5 gram 
2.8 cc. 
100 CO. 


One cc. of HCl alone as above neutralized 3.5 cc. of 0.1 normal NaOH, but 
when used in the above formula 1 cc. neutralized only 1.65 cc., indicating that 
considerable fluoborate was formed. 

This stock solution was diluted to contain 1000 p.p.m. sodium fluoride and used 
at this rate in the drinking water. The animals lived 27 days, whereas the con- 
trols on sodium fluoride (1;1000) lived but 3 days. When boric acid only was 
added to the sodium fluoride the rats lived 5 days. This experiment would 
indicate that the combination of HCl and HsBOs added to the sodium fluoride 
tends to form some fluoborate, which in turn is less toxic than the sodium fluo- 
ride. Boric acid ma3' thus be considered to possess some value as an antidote. 

In the ne.xt series of tests the above combinations were diluted to contain 
7 p.p.m. of fluorine to note the effects on the teeth. At this high dilution the 
fluoborates are more completely hydrol3'zed, so that no corrective effect of the 
boric acid could be noted as far as the striations on the teeth were concerned. 

Feeding Tests wttb Calciuxi and Aluminuxi Coxipounds. The most 
commonly accepted antidote for fluorides is calcium in some form. Recently 
Sharpies (2) showed that aluminum chloride possesses the power of limiting 
fluorine toxicosis in the rat. With 0.1 per cent sodium fluoride his animals 
grew at two-thirds the normal rate. B3' adding a solution of 0.5 per cent alu- 
minum chloride or 2 per cent calcium carbonate to the diet, he obtained norma 
growth. 
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In our work at the Tennessee Station the following materials were fed: calcium 
hydroxide, magnesium hydroxide, calcium lactate, calcium phosphate, bonemeal, 
boric acid, borax, aluminum sulphate, activated alumina, aluminum powder, 
bauxite, clay. The sodium fluoride was fed at a level of 0.2 per cent. At this 
rate the animals lost weight and lived approximately a month. Larger amounts 
of sodium fluoride were not well tolerated and the animals refused to cat much, 
even when starved. 

The best results were obtained with the aluminum sulphate — ^Alj(S 04 )j' 
ISHjO. With this material at the rate of 0.4 per cent and sodium fluoride 0.2 
per cent in the diet, the animals were able to gain C8 per cent in growth when 
compared with the controls, w’hich had no antidote. The insoluble activated 
alumina AhOj also did well by permitting a CO per cent gain. Borax showed 
53 per cent gain and lime 49. Bonemeal and calcium phosphate were both 
very poor, wth a gain of only 6 per cent. 

In another series both calcium lactate and magnesium hydroxide were found 
to be inferior to calcium hydroxide. In still another experiment 0.8 per cent 
aluminum powder, such as is used in making aluminum paint, showed a 7 per 
cent gain over the initial weight, while 0.1 per cent showed a loss of 10 per cent 
in weight. Eight-tenths per cent bamdte, as well as 0.8 per cent clay, was of 
little value. 

Tests on rabbits with fatal doses of Bomuii fluoride. The minimum 
lethal dose of sodium fluoride for a rabbit was found by Mueblbcrger (3) to be 
200 mgm. per kilogram of body weight. The sodium fluoride was administered 
by means of a stomach tube, presumably in solution. The length of time the 
rabbits lived after receiving a barely lethal dose was 5-7 daj-s. Other investi- 
gators give an M.L.D. of 500 mgm. per kilogram. ^Vhen this dose is given in 
solution by stomach tube, death results in about 1 hour (4, 5). 

In our work the animals were kept for 24 hours without food. The sodium 
fluoride was then given in powdered form in capsules at the rate of 500 mgm. 
per kilogram. With this dose tbe rabbits lived only from one to three hours. 
The same dose was employed in subsequent tests and roi.xed with the antidote 
dr>' and also administered as capsules. When aluminum sulphate was employed 
as the antidote in a ratio of 2 parts to 1 part of sodium fluoride, the rabbit re- 
mained alive. Activated bauxite wag equally successful when used at the same 
rate. Powdered calcium hydro.xide (C.P.) testing 87 per cent, and with 13 
per cent as calcium carbonate, also prevented death when used in a ratio of 1 
to 1 with sodium fluoride. When the aluminum sulphate was mixed in a ratio 
of 2 parts of sodium fluoride to 1 part of antidote, so that the mixture contained 
33 per cent aluminum sulphate, tbe animal lived 6 days. With 20 per cent 
aluminum sulphate, the rabbit lived 4 days, while with 11 per cent death resulted 
in 45 minutes- 

Effect on insects. Sodium fluoride has proved to be the best insecticide in 
roach control. About 25 million pounds are used annually for this purpose in 
the United States. 

In the tests on insects, sodium fluoride was employed as a powder and dusted 



238 


S. MARCOVrrCH AND TV. W. STANLEY 


on the roaches. After the roaches were dusted with measured amounts of 
sodium fluoride they were placed in cages to determine the per cent mortality. 
When antidotes such as boric acid, aluminum sulphate, aluminum oxide, or 
lime were mixed as powders with the sodium fluoride, the control obtained was 
definitely lowered. Even when the above materials were employed as coarse 
powders, the kill obtained was less than with the sodium fluoride alone. This 
phase of the subject, using the antidote in large particle form as compared with 
the finely divided sodium fluoride, is being investigated. It is assumed that the 
alumimun sulphate for example, even though coarse, \vill dissolve in the stomach 
of man. The roach, however, picks up the finely divided sodium fluoride in 
drj’' form. 


SUMMARY 

The fiuoborates when fed in powdered form were found to be non-toxic to 
both rats and insects. In solution enough fluorine is liberated to produce 
toxic effects. 

Both aluminum sulphate and hydrated lime are capable of saving animals 
from a lethal dose of sodium fluoride when mixed with the latter. Boric acid 
also has some value as an antidote through the formation of a fluoborate. 
The aluminum sulphate forms crj'olite which was found to be much less toxic. 
TMien aluminum sulphate is mixed with the sodium fluoride and used as a roach 
powder, a lower kill is obtained than with sodium fluoride alone. 
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Modern \'iews of morphine miosis have largely been based on the work of 
Picard (1, 2), who removed the roof of the skull of a morphinized dog, elevated 
the brain, cut the optic nerv'e, and observed no change in the original degree of 
miosis. He then sectioned the cerebral hemispheres from the front progressively 
backwards ^^^thout observing any pupillary change until the anterior median 
portion of the cerebral peduncles was reached. Section at this point caused an 
abrupt mydriasis. From these experiments it w'as concluded that morphine 
acts by stimulating certain cells within the brain, presumably the oculomotor 
center. Henderson and Graham (3) reached an essentially similar conclusion. 
Using decorticate dogs they found that miosis changed to mydriasis on injury 
to or section of the anterior corpora quadrigemina, and that unilateral injury 
produced ipsUateral mydriasis. They concluded that morphine miosis depends 
on direct stimulation of these structures although action on the oculomotor 
center was not entirely excluded. 

An alternative suggestion appears to have been first made by Braunstein 
(cf. Starkenstein, 4), and later adopted by Meyer and Gottlieb (5). It was 
based on the idea that the action of morphine was always to produce paralysis; 
and since paralysis of the sympathetic was e.xcludcd,* it was necessary to assume 
that the paralysis affected inhibitory stimuli to the oculomotor nucleus, and 
these, it was supposed, arose in the cortex. The work of Henderson and Gra- 
ham (3) renders this extremely unlikely, for they found that removal of the 
cortex, and consequently removal of such an inliibitory center, does not produce 
any very great degree of miosis in the absence of morphine. 

We arc left, then, wth the hypothesis of a direct central stimulation, the main 
evidence for which is due to Picard. His experiment, however, was an acute one 
and may have involved considerable injury to the brain; moreover, he did not 
demonstrate any effect on the pupil in the absence of morphine. 

E;ffect of severing the optic nerve. In order to sever the optic nerve without at 
the same time cutting the fibers of the oculomotor ner\’e w'hich run in its sheath 
(0), the following operation was performed. Dogs w'crc anesthetized with mor- 
phine-ether. A short incision was made with aseptic precautions at the outer 
canthus of the left eye; a small triangular opening was then made at the outer 

* The opposite view was taken by AidbIcf (6). On the basis of Ending that morphine 
produced nearly the same degree of miosis when the cervical BjTnpathetic was cut, and did 
not produce miosis after removal of the cerebral hemispheres, he concluded that inhibition 
of an antagonistic cortical sympathetic inhibitory apparatus was the cause of the apparent 
stimulation of the oculomotor center. 
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edge of the orbit and the eyeball was pulled forward. The ocular muscles were 
spread uith a retractor and a short slit was made lengthwise in the sheath of the 
optic nerve, which was then doubly ligated and sectioned between the ligatures. 
After recovery (10 days to 2 weeks) it could be demonstrated that no appreciable 
damage had been done to the autonomic innervation. The eyes were tested 
before and after each experiment, and it was invariably found that both pupils 
contracted when light was allowed to fall on the right eye, and that no effect was 
obtained from the left, showing not only that the autonomic nerves were intact, 
but also that the left optic nerve had been successfully severed. 

Ten milligrams of morphine sulfate per kilogram was then injected into one of 
.the dogs, and, when the drug had taken effect, the right eye was covered for a 
?yfew minutes. The diameter of the left pupil, as measured' by holding a milli- 
meter rule in front of the eye, was now 4.9 mm. On uncovering the right eye, 
the pupil size promptly decreased to 2.9 mm. Altering the amount of light 
falling on the blind eye had no effect on the pupil size. This was repeated with 
similar results in each of the five dogs operated on. It is therefore obvious that 
the size of the pupil in the morphinized animal does depend on the integrity of 
the optic nerve; Picard’s conclusions in this respect are not confirmed. In the 
results and figures to follow, with the exception of the experiment on the human 
eye, all data were obtained from measurements and photographs of the reaction 
of the left eye (optic nerve cut) to light of varying intensities falling upon the 
retina of the right, or intact eye. Since both pupils were constricted to an 
almost exactly equal degree it seemed unnecessary to include the measurements 
from the control eye (with intact optic nerve) . 

Amount of light and degree of miosis. Three intensities of light were used: 
5, 28 and 49.1 foot candles. The first was the usual room light; the second two 
were obtained from a standard giant ophthalmoscope held about 5 cm. from the 
cornea so that light would strike the retina approximately parallel to the normal 
visual axis. Measurements of the diameter of the pupil (usually in the trans- 
verse axis) were made either by holding a millimeter scale in front of the eye, or, 
for greater accuracy, from flash-bulb photographs. The time taken to secure 
a photograph in this way was so short that no change in pupil size occurred, and 
there was no significant difference in the results obtained by these methods. 
The broken lines in fig. 1 show the findings in dogs given 4.5 mg. of morphine 
sulfate per kgm. subcutaneously, the solid lines indicating the resulte in the 
absence of the drug. There is no question that the degree of miosis in both cases 
depends on the amount of light, and that with the same amount of light the 
pupil after morphine is almost invariably smaller than the corresponding control. 
Tlie only exception to this (dog 3B) is probably to be explained by the effects 
of morphine wearing off, since these obseia'ations were made nearlj' three hours 
after the injection of the drug. 

Another interesting feature is that in about half the controls the increase in 
degree of constriction with increase in light is greater between 28 and 49 foot 
candles than it is with weaker illumination, while after morphine the opposite 



&lOItPHXNS H10SI8 


241 


and Feilchenfeld (8). In their figure 1 we see that as the intensity of illumination 
on the normal eye is increased, pupillary constriction increases first slowly, then 
more rapidly, and finally more slowly again. Our controls correspond to tlie 
right half of their curves, while our morphine curves resemble very closely the 
half ynth. higher illumination. Morphine, then, appears to produce results 
similar to those obtained with increased light; that is to say, its effect is to inten- 
sify the light reflex. 



Fio. 1. Effect of Morphine (4.5 Mom. per Kgm.) on Pupil Diameter op 
5 Doos IN Wmcn the Left Optic Nerve Had Been Cut 
Curves obtained with the same dog are given the aame number; the letter A denotes 
curves taken 1 to IJ hours after subcutaneous administration of morphine; the letter B 
2 hours, 55 minutes after. 

Effect of morphine in complete darkness in dogs •with the left optic nerve cut. 
If the degree of constriction of the pupil tverc determined solely by the light 
reflex, then morphine should have no effect on the pupillary size in complete 
darkness. This is rather unlikely, and we have found, using flash-bulb photo- 
graphs, that morphine vdl! constrict the pupil somewhat when no light is falling 
on the retina. This indicates that other factors are at work without, however, 
showing what they are. 

The human eye. Since the “pin-point” pupil has usually been obsen'ed in the 
human eye, and the results given above were obtained in the dog, it seemed 
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possible that there might be a species difiference. Accordingly one subject was 
given a dose of 16 mgm. of morphine sulfate intramuscularly following which 
the diameter of the pupil was measured by the flash-photograph technique in 
total darkness and in light of varying intensity. The results are sho^-n in 
figure 2 and are exactly the same as those obtained in the dog: the size of the 
pupil in total darkness is somewhat decreased, and there is a further decrease as 
light of increasing intensity is allowed to fall on the retina. 

The effect of prosligmine. Since prostigmine increases other effects of morphine 
(Slaughter and Munsell, 9), it seemed probable that it might increase the miosis 
also. This was found to be the case in the dog. Prostigmine alone, in doses up 
+ 0.03 mgm. per kgm. injected subcutaneously or intravenously, produced no 



Fig. 2. Effect of Morphine on the Human Ete 
The second curve was obtained 1 hour and 10 minutes after a subcutaneous dose of 10 
mgm. of morphine. 

significant change in pupillarj’ diameter in dogs. Following control measure- 
ments in 5 dogs with the left optic nert'c cut, morphine sulfate was administered 
subcutaneously (3.0 to 4.5 mgm. per kgm.) and about one and a half hours later 
measurements were repeated. Prostigmine (0.015 to 0.02 mgm. per kgm.) 
was then given subcutaneouslj^ and further measurements made. Reference to 
figures 3 and 4 will show that the morphine effect is increased by prostigmine. 
Cun’e D of figure 4 is anomalous in that on increasing the light from 28 to 49 
foot candles no further increase in constriction occurred, although with morphine 
alone an increase did occur, so that at the higher illumination the pupil was 
slightl 3 ' larger after prostigmine and morphine than after morphine alone. 
The reason for this exception is obscure. 

It may be remarked incidentallj' that in several cases pronounced photophobia 
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light. No photophobia was observed following the injection of prostigmine in 
the immorphinized animal. 



Fig. 3. Effect of Morphine and Morphine and Pbostiguinb on Rate of 
Dilatation of the Pgpil after Exposdrb to Strong Light 


UetUlV. 


IV umber 0/ meosuremenfs accraped/op eacft point 



cotmoL 

nxmoNA* 
TtOM UCHT 

1 TIUZ INTEXVAL IN SECONDS ATTCS nAmONATtON 

niuui. 

NATICK 

W1 TT. 
CAKPLXS 

10 

1 

; 20 . 

30 

40 

so 

60 ' 

70 ' 

so 

90 

Control . 

41 

41 

no 

106 

82 

70 

57 

52 

55 j 

61 

5S 

lilotobine 

27 

27 

06 

1 48 1 

45 

32 

33 

28 . 

32 1 

27 

21 

Morphine and prostigmine ■ 

16 

16 

42 

35 

25 

23 

lU 

21 

19 

20 

16 


Hate of recovery from exposure to light. The rate of pupillary dilatation after 
exposure to strong light (49.1 foot candles) is shoira in figure 3 both before and 
after morphine and after morphine and prostigmine. These arc composite 
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curves of the 5 operated dogs, TOth the standard error of the mean indicated. 
It will be observed that in the controls recovery from the miosis is comparatively 
rapid at first, while the later portion of the recovery is very considerably slower, 
so slow in fact that recovery to the original control level was usually not quite 



Fig. 4. Eitzct on Pupil Diameter or Pbostigmine following Morphine 
(Same Dogs as Figures 1 and 2) 

Dog no. 2. Curve A, control. Curve B, prostigmine alone 0.02 mgm. per MIo. 
Curve C, IJ hours after mo^hine 4.5 mgm. per kilo. Curve D, Prostigmine 0.02 mgm. 
per kilo immediately following curve C. , , 

Dog no. 2. Curve £, control. Curve F, 1 } hours after morphine 3.0 mgm. per kilo. 

Curve G, prostigmine 0.018 mgm. per kilo immediately following curve F. 

Dog no. 4. Cun-e H, control. Curve 1, 1} hours after morphine 4.5 mgm. per kilo. 
Curve J, prostigmine 0.015 mgm. per kilo immediately following curve I. 

Dog no. 3. Curve K, control. Curve L, 1} hours after morphine 4,5 mgm. per kiio. 
Curve M, prostigmine 0.017 mgm. per kilo immediately following curve L. 

complete during the interval in which measurements were made. The effect of 
morphine is to decrease greatly the rate of recoverj' in both its phases. Under 
these circumstances, prostigmine administered after morphine further increases 
the sensitivity to both room and bright light; there is, however, apparently no 
further alteration in the rate of recovery of the pupil in room light. 
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Discussion. The finding that morphine miosis does depend very largely on 
the integrity of the optic nerv'e deprives the hypothesis of a direct central stimu- 
lation of its chief support. Moreover, this and the relationship between degree 
of miosis and retinal illumination arc very difficult to explain on such a theory, 
and point rather to an increased Bensiti\dtj' of the reflex arc to light as the cause 
.of the greater part of the miosis. Breaking this arc any^vherc would result in 
mydriasis, and it is probable that the results of Henderson and Graham (3) are 
to be accounted for in this way. 

The delayed recovery from the miosis produced by light of an intensity of 
49,1 foot candles, after the administration of morphine as compared with the 
unmorphinized animal, might be due to sjTnpathetic action. There is, however, 
no other evidence of paralysis of sympathetic fibers, and it seems more probable 
that this phenomenon is somewhat analogous to the “aftcr-discharge” of spinal 
reflexes in that oculomotor neurones may go on discharging for quite a long time 
after afferent stimulation has ceased, so long in fact that the delay has an appar- 
ently cumulative character. Another possibility is that the transmission of 
impulses from nerve to muscle is altered by morphine so that the muscular 
response is increased in both intensity and duration, or there might be a combina- 
tion of both of these mcchamsms. In any case, the increased sensitivity sug- 
gested above must be regarded as a change producing not only an increased 
degree of response, but also an increased duration, at least on the part of some 
of the fibers. 

Increased sensitivity to the light reflex is, however, obviously not the whole 
explanation, since there is some miosis in complete darkness. Our experiments 
offer no explanation of this residual miosis. The hypothesis of direct stimula- 
tion, although to a lesser degree, may be retained to account for it, but, on the 
other hand, it is possible to argue by analogy that since one reflex is exaggerated, 
other constrictor reflexes may be similarlj' affected. In the third place a periph- 
eral effect on the iris is not excluded, for Poos (10) found that morphine produced 
a contraction of the isolated sphincter just os eserine did. Increased sensitivity, 
then, will explain part of the phenomenon, and may or may not explain all of it. 

As to the mechanism of the increased sensitivity, the potentiating effect of 
prostigmine is suggestive, but not, however, conclusive. Morphine, as well as 
prostigmine and eserine, is known to inhibit cholinesterase (11, 12, 13) and 
indeed other of its effects have been thought to be due to this mechanism (9). 
It is also probable that there are several cholinergic transmbsions involved in 
the reflex arc of the light reflex. Not only is there a certain amount of evidence 
for this within the central nervous sj'stcra (cf. Fulton, 14), but Velhagcn (15, 16) 
found a substance which was probably acetylcholine in the aqueous humor, iris, 
ciliarj’- body and retina. Moreover, Chang and Gaddum (17) found some ca- 
dence for tile formation of choline esters in the eye on stimulation of the oculo- 
motor nerve, and, finally, Engelhart (18) demonstrated that on illumination of 
the eye the amount of acetylcholine is considerably increased not only in the 
retina, but also in the ciliary ganglion and iris. There is, therefore, the possi- 
bility of inhibition of cholinesterase in this particular reflex arc. Such an inhibi- 



246 


F. D. McCHEA, G. S. EADEE AND J. E. MORGAN 


tion would probably result in increased responses, both in intensity and duration, 
and it would be increased by prostigmine. The whole question is, however, 
complicated, and much more work is necessary to elucidate it completely. 

SUMMARY 

1. Morphine miosis in the dog is to a large extent dependent on the integrity 
of the optic nerve. 

2. The degree of miosis in both dog and man depends very largely, but not 
altogether, on the amount of light falling on the eye, so that the effect of morphine 
appears to be mainly an exaggeration of the light reflex. 

3. These effects of morphine are potentiated by doses of prostigmine which 
are in themselves ineffective. 

4. The rate of recovery of the pupil from a brief exposure to a bright light is 
greatly delayed by morphine but does not appear to be further delayed by 
prostigmine. 

5. The significance of these findings is discussed. 
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Oral sodium sullapyridine and sodium sulfathiazole have been studied in both 
animals and man. Marshall el al. (1, 2) utUized soluble sodium sulfapyridinc for 
tojdcity evaluation in animals. Gastro-intcstinal and other lesions with this ma- 
terial were noted by Molitor and Robinson on oral feeding in rats (3). Sadusk 
et at (4) noted a rapid rise in blood levels of free dnig vrith oral sodium sulfathi- 
azole, and Ratish and co-n’orkers (5) first suggested the oral use of sodium sul- 
fapjTidinc in therapeutics on the basis of hiunan data indicating almost im- 
mediate absorption. Barlow and Climenko (6) pointed out that in the oral use of 
sodium sulfonamides, ''the absorption of such a salt from the gastro-intestinal 
tract should be primarily a function of the quantity of free acid in the stomach 
and the emptying time of the stomach.” Rapid absorption with these sodium 
salts was noted in man, with still more rapidly rising and higher blood levels in 
monkeys (C). Conclusions similar to those of Barlow and Climenko were re- 
ported by Strauss ei al. (7). Still more recently, sodium sulfonamides have been 
recommended in therapy by Spink (8) and by Cook (9). 

DiiTerences between human and animal gastro-intestinal physiologi' and the 
lack of controlled experimentation in man have led us to reexamine the problem 
of oral administration of sodium sulfonamides. 

SximiES WITH Gastbic JcacE. Tlic solubility of the sodium sulfonamides de- 
pends upon the maintenance of a relatively high pH. Potentiomctric titration 
curves of Lott and Bergeim (10) for acidification of sodium sulfathiazole and 
sodium sulfapyridine solutions show beginning precipitation of free aulfonanude 
at pH 8.2 and 9.0 and complete precipitation at pH 6.5 and 8.8, respectively. It 
was difficult to understand why gastric juice of dogs did not have sufficient buffer- 
ing capacity to liberate free sulfapyridinc completely from its sodium salt, as 
noted by JIarshall and Litchfield (2). If this were also true in man, it would 
mean the rapid achievement of high concentrations of soluble absorbable sul- 
fonamides within the gastro-intestinal tract- Therefore, we have constructed 
electrometric titration curr’cs of sodium sulfapyridine with human gastric juice 
to determine its buffering capacity. 

Method. Pooled, filtered, human gastric juice of pH 1.48 was used. A series 
of solutions of 5 per cent sodium sulfapjiidine of 20 cc. volume were titrated with 
5 cc. increments of gastric juice. Precipitated free sulfapyridine W'as removed 
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TABLE 1 


SAimJS 

VOtUUE OF S rzs. CENT 
SODIUM StnLFA- 
PYEIDINE 

VOLtrUB OF GASTRIC 
JUICE (pH 1.48) 

pH yaxEATE 

SOtunON OF SUIFA- 
TTEttlNB IN ntTHATE 


tc. 

u. 


^er cen - 

1 

20 

6 

10.0 

3.4 

2 

20 

10 

9.85 

2.7 

3 

20 

15 

9.71 

2.15 

4 

20 

20 

9.63 

1.6 

6 

20 

25 

9.45 

. 1.28 

6 

20 

30 

9.30 

.91 

7 

20 

35 

9.11 

.73 

8 

20 

40 

8.83 

.485 ' 

9 

20 

45 

8.47 

.188 

10 

20 

50 

7.35 

.104 

11 

20 

55 

4.57 


12 

20 

60 

3.35 


13 

20 

65 

2.85 


14 

20 

70 

2.60 



pH 



* < PERCENT SULFAPYRIDINE IN SOLN. 

ITo. 1. Electrometric Titration Curve of 5 Per Cent Sodium Sulfaftridinb 
Solution with Pooled Human Gastric Juice of pH 1.48 
Each point represents individual titration samples. The pH is plotted on ordinates and 
cubic centimeters of added gastric juice plotted on the abscissae. The superimposea 
sulfapyridine solubility curve shows the solubility of the drug plotted on the abscissae at 
the pH indicated on the ordinates. 

and the pH of the solution determined by the Coleman glass electrode. The 
sulfapyridine concentration of the filtrate tvas determined by the method of 
Marshall and Bratton (22) using the Evelyn colorimeter. 
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Rcsulis. (Seefig. l,tablel.) Precipitationof free suKapyridine occurs with a 
trace of added gastric juice. The constant addition of gastric juice to sodium 
sulfapyridine solutions steadily increases precipitation w-ith small changes in pH 
until maximum precipitation has occurred (pH 8.6~8.8); at that moment a* 
sudden pH change is noted. The graph for tliis titration resembles very 
closely that of Lott and Bergcim for the titration with 0.1 N HCl. 






Fio. 2. Comparative AssospnoK Cobves (Free Blood Sulfapteiozne) atter Oral 
SOLTAPTIUDINE ( 4.0 G.) AND SODITTM SOLFAPTRIDMfE (4.64 G.) IN FOOR NojlMAL PaTIEKTS 
Time postprandial : A «• 2|*; B ■» 2i® C * 3|*;D •» 1}“. The legend for 6gurea 2 and 3 
ia indicated xn this Sgure. Blood level in milligrama per cent plotted on ordinates and 
fuse hours on the abscissae. 


Plotted on hgure 1 is the curve of drug concentration at varying pH. Con- 
centration of sulfapyridine decreases quite rapidly with little or no change in al* 
kalinityuntU pH 8.5and a concentration of 180 mgm. per cent have been reached. 
A sharp drop in pH with no appreciable change in drug solubility is noted below 
pH 8.5. It is a corollaiy of these observations that for sodium sulfapyridine to 
exist in the gastro-intestinal tract we must assume an environmental pH of 8.5 or 
higher. From the data of Lott and Betgeim» a pH of 6.6 is the critical level for 
sodium sulfathiazole. 

These data indicate that acid human gastric juice quantitatively precipitates 
free sulfapyridine from a solution of its sodium salt. 
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Absorption Studies on Man. Published obsen^ations on oral sodium sul- 
fonamides in man .were made under conditions that were not always standard or 
constant. Few attempts have been made to follow pH changes of stomach con- 
tents and no correlation between absorption data and gastric pH changes has 
been presented. With these objectives, the following experiments were per- 
formed. 

Method. Convalescent patients were given equimolar quantities of sulfapy- 
ridine and sodium sulfapjTidine; the doses were 4.0 and 4.64 G., respectively, 


A. 


B. 





I 15 30 ’ 45’ 
OS MG HISTAMINE 


Fig. 3. Compaiuitive Blood Absoeptios Cueves aftee Oeal Solfapyeidine and 

SODIDJI SULFAPTEIDINE IN PA’nENTS WITH HiSTAMINE PeOVEN AnACIDITT 
Patient B received 3.0 G. and 3.48 G. of sulfapyridine and sodium salt, respectively. 
Patients A and C received 4.0 and 4.64 G ., respectively. The small figures of figure C reler 
to pH of the aspirated gastric juice at the moment the blood sample was taken. 


except in two patients in whom the dosages were 3.0 and 3.48 G. (figs. 3 B and 
4 D). The vehicle for administration was the same in any one patient: 5 per 
cent flavored acacia or water. Sulfapyridine was mixed with rapid stirring untU 
a homogenous suspension was formed. Sodium sulfapjaidine readily dissolved 
in either water or acacia. The drugs were given with 180 cc. of vehicle and fol- 
lowed by 180 ce. of water. In a few patients commercial tablets of sulfapyndme 
were given with a similar quantity of fluid. Over and above the dietarj^ water, 
the dailv fluid intake was constant. Both drugs were given the same time of day. 
Obsen'ations of figure 2 were recorded li to 3| hours after breakfast; othere ver 
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studied in the fasting state. Blood samples were taken before drug administra- 
tion, at inteia’als during the first 8 hours, and again after 2-1 hours. Seventy-two 
hours were allowed for clearance of the blood but a correction was introduced 
when necessary. Free sulfapyrldine alone was determined, inasmuch as other 
factors have been adequately studied. IVliere indicated, a Levin tube was passed 


A. 







SPfSUSPCNSfON) 

Na SP 

sp (tacitts) 
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Fig. 4. Comparative Absorption Curves (Free Blood Sulpaptridind) after Oral 

SULFAPYRIDlNE AS TABLETS AND SUSPENSION IN WaTBR, OrAL SoDIUM SuLFAPYRIDINE, 

AND Oral Sodium Sulfapybidxne Preceded btO.5 mo. Histamine oN Patient without 
Free Fasting Acid but with Normal Response to Histamine. 

..f Anr* TYin? rjIT ;g «r> met nmtna 


into the stomach and the pH of aspirated samples was determined. Control 
gastric analyses (histamine) aic also noted. 

licsnlts. The results of these obscr\’ations arc recorded in figures 2, 3, and 4. 
The time-blood concentration cuia'cs of free sulfapyridine of four patients arc 
seen in figure 2. The blood level in milligrams per cent is plotted on ordinates 
and the time in hours on the abscissae. 
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A slightly increased rate of absorption^ with sodium sulfapyridine is quite 
clearly seen in some patients (fig. 2 B and C). In the first half hour the blood 
levels average 4.5 mgs. per cent with the sodium salt as compared .with 2.0 mgm. 
per cent with the free acid. In figure 2 A the early absorption rate is slightly 
greater with the sodium salt, but the peak level is slightly increased after sulfa- 
pyridine. Differences of this degree are seen with the same drug (14). In all 
four subjects, after the initial rapid absorption phase, both curves for each sub- 
ject are surprisingly similar. This would indicate similar treatment of these 
materials in vivo (4-6). A general finding in these observations is that the 
maximal free drug level is the same whether the free drug or its sodium salt is 
given. Differences that exist are in the time necessary to reach this peak. This 
would seem to indicate adequate buffering capacity of human gastric juice in vivo. 

Achlorhydria. Marked differences in the time-blood concentration curves of 
sulfapyridine and sodium sulfapyridine were not infrequently encountered (fig. 
3 ABC). The subjects of figure 3 were all proven achlorhydric. Comparative 
increase in blood levels are 1.8 to 6.1 and 1.5 to S.lmgm. percent in less thanan 
hour, for sulfapyridine and sodium sulfapyridine, in patients A and B, respec- 
tively. The differences in the curves of figure 3 C are less striking due to repeated 
emesis of the sodium salt. In this patient, the rise in pH of stomach contents 
from 7.4 to 9.7 one hour after sodium sulfapyridine indicates that in the absence 
of an acid gastric juice the buffering capacity of stomach contents is not present. 

These observations on achlorhydria indicate that rapid high absorptive rate 
with oral sodium sulfap 3 Tidine may be associated with incomplete or absent 
buffering by gastric juice. 

Fasting anacidily. Not all patients with differences in absorption rates evi- 
denced a complete achlorhydria (fig. 4 AD). The patient of figure 4 A proved 
quite informative. Administration of sulfapyridine resulted in a maximal peak 
of 7.0 mgm. per cent. Oral administration of sodium sulfapyridine was followed 
by a very rapidly increasing blood level of the drug to 7.2 mgm. per cent in 25 
minutes, and 25 mgm. per cent in 35- hours. No free fasting hydrochloric acid 
with a normal response to histamine was noted on gastric analysis. Oral sodium 
sulfapyridine was then repeated, preceded by 10 minutes with 0.5 mgm. histamine 
(fig. 4 C). A rapid rise in blood level (6.8 mgm. per cent) was again elicited but 
succeeding blood levels did not rise above 7.2 mgm. per cent. Gastric contents 
showed no free -fasting acid but further samples contained free acid. 

A similar response was noted in the subject of figure 4 D. Fasting gastric juice 
was pH 3.75. This is the limiting value of free hydrochloric acid (11, 12). The 
blood level 30 minutes after sodium sulfapyridine was 7.6 mgm. per cent as com- 
pared to 1.5 with the free acid. Readministration of the sodium salt one-half 
hour after 0.5 mgm. histamine resulted in a slower absorption and lower peak 

• It should be pointed out that “absorption” as used in this sense is strictly not absorp- 
tion, but a measure of the relative factors of absorption, distribution, and excretion. From 
the observations of others on the rate of excretion in the first few hours, and similar con- 
ditions of administration of both drugs, the use of “absorption” with this meaning is 
possibly justified. 
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(fig. 4 F). This latter curve is similar to the one obtained with sulfapyridine 
alone (fig. 4 D). 

The histamine effect on the absorption of oral sodium sulfapyridine in a normal 
subject is seen in figure 4 GH. An increased absorption rate was undoubtedly 
due to an increased motor activity of the stomach from the histamine. 

Note on pariiculate size and dispersion. In a few patients, Bulfapsnddine (os free 
acid) was given in two forms to determine the effect of dispersion and particulate 
size upon absorption in man: suspension in water and in half-gram tablets (fig. 
4 A and G). More rapid absorption was noted when the drug was given as a 
suspension even thougli total fluid intake was the same with both procedures. 

Discussion. Animal and human studies with sodium sulfonamides have in- 
dicated increased gastro-intestinal absorption over the acid sulfonamides. An- 
acidity in animals is not uncommon, however, and has not been previously 
considered. Manville (13) found that the pH of a normal rat stomach was about 
3.4. This is about the minimal accepted level of free hydrochloric acid (11, 12). 
In fasted white rats, w’e have found stomach pH values of 3.7 to 6.4 (14). The 
experimental data of Barlow and Climenko (6) on rapid absorption in monkeys 
should be considered in the light of the observations of Schnedorf and Ivy (15) 
who found 6 of 12 Rhesus monkej’s achlorhydric toO.5 mgm. histamine. None of 
these 12 animals secreted free acid in the fasting state or in response to alcohol or 
to a test meal. It is understandable why fasted animals in whom gastric acidity 
would be low were found to be the best test object in the pharmacologic evalua- 
tion of these drugs (2). 

In view' of these findings in animals it is interesting that patients showing more 
rapid and complete absorption with sodium sulfapyridine were either achlor- 
hydric or had no free acid when fasting. The modification of the absorption 
curve of sodium sulfapyridine by histamine in patients without fasting acid is 
confirmatory evidence that incomplete secretory activity had been previously in 
effect. A logical inference from these observations is that the more normal the 
gastro-intestinal tract the less the difference in absorption between oral free acid 
sulfonamide and its sodium salt. 

The varied obsen-ations in the different gastro-intestinal states is more clearly 
understood when one considers the titration cun'es of the sodium sulfapyridine 
solutions with normal human acid gastric juice. Little alkaline salt would be 
present if gastric function were normal, htore recent studies by Eycrly (16) 
using the glass electrode in situ demonstrate that in the stomach, pylorus, and 
distal duodenum the pH remains below pH 7.0 in spite of intensive antacid 
therapy. This illustrates a resistance to abnormal pH within the gastro-in- 
testinal tract and the difficulty of alkalinization of the normal tract by sodium 
sulfonamides. Such theoretical considerations are borne out by our c.xpori- 
mental data. 

Local toxic effects of those oral alkaline solutions have been pointed out in an- 
imals (3) but denied in man (5). Gastric acidity must have an important r61e in 
protection against these changes. It remains to be shown that such therapy is 
innocuous in achlorhydric humans. Gastric anacidity in man is not uncommon. 
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It is seen in at least 1 to 2 per cent of apparently normal individuals (17) and 
unpredictable spontaneous achlorhydria is not uncommon (18). Anacidity in- 
creases in old age and in the diseased states (19). Possibly related to human 
toxicity is the immediate nausea and vomiting that are a common accompani- 
ment of oral sodium sulfonamides (4, 6, 14). 

Marshall and Litchfield (2) noted that in dogs the physical state of admin- 
istered sulfapyridine was of importance in the rate of absorption. We have ob- 
served similar results in man. This was previously noted by Mayer (20) using 
benzyl-sulfanilamide. We are at a loss to explain lack of confirmation of these 
observations by Bullowa (21). For rapid and maximal absorption it would ap- 
pear desirable to administer these drugs as the free acid suspended in a consider- 
; able volume of fluid. 

It is believed that with some modification of actual pH values, these same 
general conclusions can be applied to sodium sulfathiazole and sodium sulfa- 
diazine. 


CONCLUSIONS 

1. Normal human gastric juice is an excellent buffer against sodium sulfon- 
amides. The electrometric titration curves of sodium sulfapyridine solution 
ivith gastric juice closely simulates that obtained with 0.1 N HCl. 

2. In normal individuals, the time necessary to reach a maximal blood level is 
somewhat less with oral sodium sulfapyridine than with the free acid. Maximal 
levels do not differ ivith sodium salt and free acid administered orally. 

3. Absorption of sulfonamide is much more rapid in achlorhydria or in those 
with no free fasting hydrochloric acid when the sodium salt is administered. 
Previous administration of histamine will slow absorption rate when no hydro- 
chloric acid is present in only the fasting specimen. 

4. The particulate size and dispersion of the administered material may be of 
importance in the rapidity of absorption. 
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It is seen in at least 1 to 2 per cent of apparently normal individuals (17) and 
impredictable spontaneous achlorhydria is not uncommon (18). Anacidity in- 
creases in old age and in the diseased states (19). Possibly related to human 
toxicity is the immediate nausea and vomiting that are a common accompani- 
ment of oral sodium sulfonamides (4, 6, 14). 

Marshall and Litchfield (2) noted that in dogs the physical state of admin- 
istered sulfapyridine was of importance in the rate of absorption. We have ob- 
served similar results in man. This was previously noted by Mayer (20) using 
benzyl-sulfanilamide. We are at a loss to explain lack of confirmation of these 
observations by Bullowa (21). For rapid and maximal absorption it would ap- 
pear desirable to administer these drugs as the free acid suspended in a consider- 
able volume of fluid. 

It is believed that with some modification of actual pH values, these same 
general conclusions can be applied to sodium sulfathiazole and sodium sulfa- 
diazine. 


CONCLUSIONS 

1. Normal human gastric juice is an excellent buffer against sodium sulfon- 
amides. The electrometric titration curves of sodium sulfapyridine solution 
■nith gastric juice closely simulates that obtained with 0.1 N HCl. 

2. In normal individuals, the time necessary to reach a maximal blood level is 
somewhat less with oral sodium sulfapyridine than with the free acid. Maximal 
levels do not differ with sodium salt and free acid administered orally. 

3. Absorption of sulfonamide is much more rapid in achlorhydria or in those 
with no free fasting hydrochloric acid when the sodium salt is administered. 
Previous administration of histamine will slow absorption rate when no hydro- 
chloric acid is present in only the fasting specimen. 

4. The particulate size and dispersion of the administered material may be of 
importance in the rapidity of absorption. 
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guinea pigs of non-albino strains, about 6 or 8 weeks in age, maintained on the "Rockland” 
Guinea Pig’* ration. To' prevent coagulation the blood was drawn with a syringe containing 
0.1 cc. of 0.1 M sodium oxalate per cc. of blood to be removed. 

The blood was centrifuged, the plasma was carefully separated, and diluted with twice 
its volume of calcium-free Ringer’s solution. The composition of the latter was identical 
with the Ringer’s solution used to dilute the liver extract, except that CaClj was not added. 

Before proceeding further it was found advisable to test the coagulability of this diluted 
plasma, as excessive hemolysis or slight dot formation before centrifugation will prevent 
coagulaUon later. To 0.76 cc. of normal Ringer’s solution was added 0.25 cc. of the diluted 
plasma. Coagulation usually occurred within 10 minutes. 

If coagulation was sariafactory the marrow was prepared. Both femurs were removed 
aseptically and the bone was split loD^tudlnally, whereupon the marrow could be removed 
almost intact. The marrow waa then cut with a razor blade into pieces 0.5 mm. to 1 .0 mm. 
in diameter. 

A volume of 0.75 cc. of each dilution of the liver extract to be studied was placed in a 
separate Stendcr disb measuring 26 mm. by 24 mm. In addition two dishes were prepared 
each containing 0.75 cc. of normal Ringer’a solution to serve as controls. Six pieces of 
marrow were placed in each dish, and these were followed by the addition of 0.25 cc. of the 
diluted plasma. After gentle swirling, the bits of marrow were spaced evenly and the dishes 
were set aside until the mixture bad coagul&t^> The calcium in normal Ringer’s solution 
was sufficient to precipitate the oxalate and to provide an excess of calcium for coagxilation. 

When the plasma had set firmly, the dishes were incubated at 37.6* for 16 hours. During 
this rime cells from the marrow moved out into the surrounding coagulated plasms and 
formed a definite zone of migration. The pieces of marrow with their surrounding migra> 
rion fields were projected onto paper, and the outlines of the marrow and migration field 
were traced. A Spencer Delioeascope with minor changes proved suitable for projection. 
Occasionally, difficulty waa encountered in determining the exact limits of migration, but 
usually the limits were sharply defined. The observer who traced the areas did so without 
knowing the dilution value of liver extract involved. 

The areas of the marrow and its migrarion field, which values were to be used in deter* 
mimng the degree of migration, were readily determined by means of a planimeter. The co- 
efficient of migration for each piece of marrow was calculated by the formula 


M = 


0,- Oi 

Oi 


where Oj and Oi are the areas of migration and of the marrow respectively. (After Gaillard 
tt al. (15).) 

In order to compare the results from vsrioua determinations more directly, we expressed 
the average M values for each dish as percentages of the average of the control dishes. 
These percental migration coefficients (P) were then plotted against the dilutions of liver 
extract employed, and s peak similar to that described by Gaillard and co-workers (15) 
was observed. The peak nugration waa more than 30 per cent greater than the control in 
every case. There seems to be a tendency to obtain greater maximal P values when work- 
ing in the lugber dilution ranges than in the lower ranges. The exact explanation of this 
is not clear. 


Results. The protocol of a typical determinatioix is given in table 1, and the 
resulting curve is plotted in figure 1. In tliis instance a parenteral liver extract*, 
rated at 5 U.S.P. units per cc., yielded a maximal migration coefficient at a dilu- 
tion of 36,000 times. The dilution value of 36,000 was therefore considered 
equivalent to a potency of 5 U.S.P. units per cc. in this case. 

* Abbott’s Injectable Liver Extract, 5 UJS.P. units per cc. 



TABLE 1 

Typical determination of the migration of cells from bone marrow under the influence of liver 

exlrael 

The method for making the dilutions is described in the text, as is the procedure for 
calculation of the migration coefficient, M, and the percental migration coefficient, P. 
The standard deviation from the mean, S.D., the standard error of the mean, S.E., and the 
significance value, t, are given in columns 10, 11, and 12. The value of P at the dilution 1 
to 32,000 is significantly high, but as a general rule the highest P value was designated as 
the peak and in this case the peak was considered to be at the dilution 1 to 36,000 (see figure 
1). The blanks in the table indicate pieces of marrow whose migration fields were difficult 
to trace owing to imperfections in the dishes, etc. 


DISH 

NUU- 

BEE 

UVEE 

EXTRACT 

DILUTION 

UICEATtON COEmCIENT FOR EACH OF 6 UARBOW 
SLICES IK EACH DISH 

AVER- 
AGE 2f 

S.D. 

S.E. 

t 

P 

1 

2 

3 

4 

5 

6 

1 

Control 

17.5 

19.1 

26.5 

17.8 




3.4 

1.08 



2 

Control 

21.5 

14.2 

22.8 

21.7 

18.2 

21.7 




3 

16,000 

18.0 

16.6 

16.2 

12.7 

19.1 

19.5 

17.0 

2.5 

1.02 

-1.95 

85 

4 

20,000 

19.7 

19.1 

25.5 

25.4 

26.3 


23.2 

3.5 

1.56 

+1.68 

115 

5 

24,000 

21.9 

19.1 

25.8 

19.2 

15.8 

16.6 

19.7 

3.7 

1.51 

-0.25 

98 

6 

28,000 

23.6 

18.1 

23.6 

26.9 

19.6 

18.0 

21.6 

3.6 

1.47 

+0.82 

107 

7 

32,000 

26.9 

26.8 

23.0 

28.8 

28.6 


26.8 

2.3 

1.03 

+4.60 

133 

8 

36,000 

26.1 

34.6 

21.9 

26.8 

27.4 


27.4 

4.6 

2.06 

+3.14 

137 

9 

40,000 

23.2 

14.1 

15.7 

21.4 

16.6 

17.0 

18.0 

3.5 

1.43 

-1.73 

90 

10 

44,000 

15.1 

23.0 

18.4 

16.4 

25.1 

18.4 

19.8 

3.9 

1.59 

-0.16 

99 

11 

48,000 

21.7 

24.3 

20.0 

20.6 

31.0 

17.6 

20.9 

5.0 

2.04 

+0.35 

104 

12 

52,000 

20.6 

18.3 

20.5 

22.0 

17.1 

25.7 

20.7 

3.0 

1.22 

+0.37 

103 

13 

56,000 

19.7 

22.3 

17.6 

21.6 

19.9 

18.5 

19.9 

1.5 

0.61 

-0.16 

99 

14 

60,000 

16.8 

17.3 

15.6 

21.4 

16.7 

22.6 

18.3 

2.9 

1.18 

-1.76 

91 

15 

64,000 

19.4 

17.5 

17.9 

24.3 

24.7 

25.7 

21.6 

3.7 

1.51 

+0.81 

107 



1 A Ttvical Cuhvt; Showing the Effect of Vaihous Dilutions of Liver Extract 
Fig. 1. A T^pJCAe Olrv Migration from Isolated Bone Marrow , 
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In figure 2 are plotted the results obtained from five commercial preparations 
bought on the open market, and to which had been assigned TJ.S-P. unit ratings 
of various values. Each was run in duplicate using the marrow from separate 
guinea pigs. Plotted on the ordinate arc the U.S.P. units contained in each 
sample, and on the abscissa the dilution at which ma^dmal imgration occurred 



to 40 60 . Bo lOo lie 

hluUonxio 


Tig. 2. Kelationship beween the Position op the Optisiai. Dilotion for Migration, 
ANO THE U.S.P. UnITAOE OF SCVERAI. COMUERCIAL LjTER CONCENTRATES 
U 7enrpfi<*nfH “rjllv'* s-.-.-.-i... - 

represe i 



with the corresponding sample. The best straight Une was determined by the 
method of least squares. The figure shows good Imcar correlation between these 
values. 

Discussion*. Two regions of maximal mig^-ation v’cro described by Gaillard, 
ct al. (16) for a given liver concentrate, one at approximately 1 to 100 dilution and 
the other at approximately 1 to 10,000 diluUon. They used the former in their 
work, whereas, we employed the latter in order to use liver concentrates without 
extracting the prescrA'atives. 

Gaillard and co-nvirkers (15) could not demonstrate a statistically significant 
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difference between the migration coefficient obtained at the active dilutions and 
the migration coefficient at other dilutions. In table 1 are listed for each dish the 
standard deviation from the mean, the standard error of the mean, and the t 
value. The values at the two peak dilutions, 32,000 and 36,000, exhibit a sig- 
nificant difference from the controls by this method, the probability of their 
coming from a homogeneous parent being less than 0.01. Similar results were 
obtained from the other determinations. 

Occasional experiments ivere made in which no clear-cut peak of migration oc- 
curred. However, on repeating the run, a typical response was obtained. We 
believe these aberrant results to be due to faults in technic rather than to a 
fundamental fault in the method, although we are not able to explain them fully 
at present. 

Figure 2 represents the calibration curve for application of the method to the 
determination of expected clinical potency of unknown liver concentrates. The 
accuracy of the method in our hands agrees with that claimed by Gaillard, Over- 
beek, and Yan^(15). 

From these results it would appear that the method may be used for the 
determination of the anti-pernicious anemia activity of an unknown liver con- 
centrate. There are however, several aspects of the method which still require 
confirmation. Gaillard, Overbeek, and Yam (15) have presented evidence in- 
dicating a qualitative correlation between the clinical activity of an unknown 
extract and i ts activity on bone marrow in vitro. The fact that our points (fig. 2) 
exhibit practically a straight line relationship is, of course, further evidence of 
such correlation.’ They have also tested (15) the specificity to a limited extent. 
We have found that destruction of the clinical activity of a potent liver extract 
(either boiling for 1 hour vith 2% sulphuric acid or racemization by exposing to 
one-half normal sodium hydroxide at room temperature for 48 hours and then 
neutralizing) will prevent the occurrence of the expected peak in an experiment 
using such an inactivated extract. 

SUMMARY 

The in vitro bone marrow assay method for anti-pernicious anemia prepara- 
tions has been studied. A curve has been constructed showing the relationship 
between the dilution of liver concentrates at which maximal migration of cells 
from bone marrow occurred, and the U.S.P. potency of these concentrates. It 
would appear that this curve may be used for determination of the expected 
clinical potency of unknowm liver extracts. 

We are indebted to Dr. C. R. Spealman for the statistical analyses in this work, 
and to Dr. W. A. Peabody for his constructive criticisms and advice. 
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In the course of pharmacolo^cal experiments on excised strips of rabbit dilator 
and sphincter iridis, a hitherto unreported response to strychnine salts was 
observed (1). 

The smooth muscles of the iris exhibit many peculiarities. Both the dilator 
and the sphincter differentiate from ectoderm, the sphincter more completely 
than the dilator. Ganglion cells, probably of sympathetic nature, are scattered 
throughout the iris. The neuromuscular complex of the mammalian iris, though 
hardlj' "phylogenetically primitive” as Boeke (2) suggests, is still “primitive” 
in the sense that the muscles are interblended and incompletely differentiated 
from their epithelial anlagen, and the nervous tissue is largely plexoid rather 
than sjTiaptic. Tlie sphincter action can be depressed by sympathicomimetio 
agents (3, 4, 5, 6), and by inhibiting impulses transmitted by the cervical sympa- 
thetic nerve (7). It seemed to be of interest to study the action of strychnine 
combined with adi'energic and cholinergic agents. 

Matebial and Methods. Albino rabbits were used. The method of preparing the 
strips of iris tissue was that suggested by Poos (4) and adopted by Heath and Geiter (8). 
The holding and recording apparatus was that described by Heath and Sachs (I). The 
temperature of the Sollmann-Rademaeker solution* in which the muscle was submerged 
was 33±0.2°C., and the pH was 7.5±0.1. The method of application of the drugs, by means 
of a special syringe, has been described by Sachs and Heath (9). The volume of fluid in the 
muscle chamber was 200 cc. in most of the experiments, and 100 cc. in a few. The load on the 
muscle was kept constant at 20 mgm. The strychnine was used either as the sulfate or the 
chloride, both of which behaved alike. 

A contraction was first produced in the dilator with adrenalin (chloride), and in the 
sphincter with either acetylcholine (chloride) or eserine (salicylate). Strychnine was then 
added, and its effect on the state of contraction of the muscle recorded. The concentration 
of the primary drugs was varied, but that of the strj'chnine was kept constant at 1:40,000 
or 1:50,000. 

Results. The normal sphineder and dilalor. Strychnine was tried alone on 
13 sphincter strips and on 6 dilator preparations. Neither contraction nor re- 
laxation was noted in any instance. Hence it may be concluded that strj'ch- 
nine, when administered alone, is without effect upon normal iris muscles. 

The adTcnalin-strychnine-dilator system. Fourteen dilator strips were used, 

* The composition of this solution: Sodium chloride, 0,9 gram; potassium chloride, 0.04 
gram; calcium chloride, 0.024 gram; sodium bicarbonate, 0.03 gram; dextrose, 0.1 gram; dis- 
tilled water, 100 cc. 
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some of these more than once (by washing between the tests), so that in all 23 
experiments were made. The initial contraction was produced irith the adrena- 
lin in either 1:1,000,000 or 1:2,000,000 concentration. In 22 of these experi- 
ments a subsequent application of stryclminc produced a relaxation — which did 
not, however, reestablish the original length of the muscle. A sample experi- 
ment is illustrated in graph A of figure I. 



F20. 3. SAMPiE Traonos Obtained tbok AtBmo Rabbit lais Muscle Sraips uNDEft 

BrcO STZUln.ATIOK 
Explanation in text 


In two animals, the left superior cmdcal ganglion was excised. After 10 and 
18 days, respectively, tests were made (as above) upon three dilator strips from 
the denervatod (homolateral) eye of each rabbit. The denen'ated eye being 
sensitized, the concentrations of adrenalin were low: 1:2,000,000-1:200,000,000. 
One experiment was doubtful, but in the other five the strychnine caused distinct 
relaxation comparable to that shown in graph A. Sympathetic ganglionectomy 
therefore docs not abolish the action of strychnine. 

The acciylchoUnc-slrychninc^sphindcr syslan. TJiirteen expenments (on 10 
strips) were made with acetylcholine in 1:40,000-1:50,000 concentration. In 
eveo’ instance there was a definite second contraction in response to strj'chnine, 
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and in seven of the experiments this equalled (see sample graph B)“ or exceeded 
(see sample graph C) the initial response to acetylcholine. 

The eserine-strychnine-sphincter system. The contraction of the sphincter by 
eserine alone follows essentially the pattern of its response to acetylcholine 
alone. Eleven experiments have been made upon eight strips, with the eserine 
in concentrations ranging from 1:25,000 to 1:100,000. One strip failed to re- 
spond. Two others behaved atypically — one contracted slightly, the other, 
markedly, to strychnine. The other eight strips all relaxed under the influence 
of strychnine (see sample graph E), tw'o of them with a slight initial contraction 
and two others (one of which is shown in graph F) with a contraction following 
upon the relaxation. 

As has just been mentioned, a contraction following strychnine is atypical for 
an eserinized preparation (only two experiments out of eleven). There is thus 
a difference in the effect of strychnine here as compared with the acetylcholine 
experiments, in which thirteen out of thirteen showed contraction following 
strychnine. The reality of this difference may be emphasized for the reader by 
pointing out that the e.xperiments illustrated in graphs D and E were made upon 
the same sphincter strip, respectively before and after washing. 

Discussion. Strj^chnine, in concentrations up to 1:40,000, does not alter the 
length of otheiwvise unstimulated dilator and sphincter strips. It has not here 
produced a paralysis through toxicity, however, as is shown by the fact that the 
same concentrations cause a partial relaxation of the adrenalin-contracted dilator 
and a further contraction of the acetylcholine-contracted sphincter. That the 
strychninized muscle is in good physiological condition, and responding to the 
drug as a stimulus rather than as a poison, is further indicated by the increased 
Contraction one sometimes obtains in eserine-contracted sphincter preparations 
— occasionally even followdng an initial relaxation which might be thought to be 
evidence of intoxication. 

Neither the effect of striuhnine on the dilator nor on the sphincter can be ex- 
plained in terms of adrenergy or cholinergy without supplementary hypotheses. 
Strychnine has not been shown to depress any adrenergic effector (except the 
dilator), or to stimulate any cholinergic effector (except the sphincter). But 
the drug has been found to depress some cholinergic mechanisms, namely in the 
superior cervical sympathetic ganglion (11) and at the myoneural junctions of 
striated muscle (12) — in both of which structures acetylcholine appears to be the 


actual trans-synaptic conductor. 

The fact that strychnine usually relaxes an eserine-contracted sphincter prepa- 
ration suggests that the prevalent explanation of the action of eserine may be 
inadequate. For, if eserine operates simply by antagonizing cholinesterase, one 
should expect the supposed residuum of acetylcholine to act sjmergistically with 


* The minor secondary acetylcholine contractions shown in Graph B are quite character- 
istic, but such contractions never bring the muscle to a lesser length than that produce y 
the first, major contraction [see Sachs and Heath (10), p. 1385]. Hence one may be cer litn 
that the contraction following the administration of strychnine is indeed in response to a 
drug. 
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the strj'chnine, resulting in a contraction. For the same reason the direct para- 
sympathetic-stimulating action of escrine, found by Manning ci al. (13), although 
indistinguishable from that of acetylcholine, is probably different as to mode. 
Moreover, there is at least one situation — the ganglionic chain of the crayfish — 
in which strychnine has a depressant action in the utter absence of an acetjd- 
choline mechanism (14). Such phenomena must be kept in mind in any at- 
tempt to fit the effects of strychnine into an inclusive explanation of the phar- 
macological responses of mammalian iris muscles. 

CONCLUSIONS 

1. Strj’cbnine (1:40,000 or 1:60,000) produced neither contraction nor relaxa- 
tion in 13 albino rabbit sphincter strips and 6 dilator preparations. 

2. In 22 out of 23 experiments with adrenalin-contracted dilator strips, strych- 
nine produced a relaxation, though never one sufficient to restore the original 
length of the muscle. 

3. Cervical sympathetic ganglionectomy fails to abolish the effect described 
in 2. 

4. In 13 experiments nith acetylcholine-contracted sphincter strips, strych- 
nine produced a second contraction which, in 7 experiments, equalled or exceeded 
the initial response to acetylcholine. 

6. Among 11 experiments •n’ith cserine-contractcd sphincter strips, strychnine 
had no effect upon one strip, yielded further contraction in 2, and relaxed 8 
(with slight initial contraction in 2 and with subsequent contraction in two 
others). Relaxation is the prevailing response (contrast ^) suggesting a con- 
siderable difference in the actual mode of action of the ordinary like-acting 
eserine and acetylcholine. 

6. The effects of strychnine on the isolated iris muscles cannot at present be 
related to their known adrenergic and cholinergic mechanisms, and the possibility 
exists that strj'chnine acts quite independently of those mechanisms. 
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In a previous publication from this laboratory (I) an extensive investigation 
of the acute toxicity of some glycols and derivatives was reported. Micro- 
scopic observations of tissue changes caused by acute doses were described, 
and a bibliography of the literature dealing with the pharmacological and 
toxicological properties of the glycols which had been reported up to that 
time was appended. At that time we stated that chronic toxicity studies of 
some of the glycols and their derivatives were in progress. The results of 
these studies are the subject of the present report. As is nearly always the 
case with investigations of this nature, it is obvious that further work is indi- 
cated on these same compounds and others of this series, but the results are 
of such a nature that it seems advisable to present them at this time for the 
information of others who are working in this field. 

Propylene glycol has already been investigated to some extent from the 
subacute and chronic standpoint (2, 3, 4, 5, 6, 7, 8, 9, 10). In most instances 
the propylene glycol was administered in the drinking water in concentrations as 
high as 10 per cent. One group administered it daily by stomach tube, an- 
other group fed it as fatty acid esters mixed in the diet, and still another 
group fed propylene glycol as a substitute for part or all of the carbohydrate 
of the stock diet. In the chronic toxicity studies of diethylene glycol it has 
been given in drinking water (5, 7, 11, 12, 13), by stomach tube (14), and as 
fatty acid esters (3). The chronic effects of ethylene glycol have been ob- 
served after administration in drinking water (5, 7, 15), as fatty acid ester 
(3), and by inhalation of the vapors (16). In all the investigations of propyl- 
ene glycol no noticeable effects of a deleterious nature have been noted except 
in those cases where large acute doses were administered (1). In all the 
cases where diethylene glycol has been studied the mortality has been high 
and pathological changes marked except when it was administered in very low 
concentrations in drinking water. In the case of ethylene glycol the results 
have been similar to those obtained from diethylene glycol, except where the 
animals were exposed to the vapors, in which case no toxic effects for rats 
and mice were noted for the concentrations studied. The only other investi- 
gations of the chronic toxicity of glycols that have been reported are those o 
trimethylene glycol (17), and of triethylene glycol (18). 
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Expeiiimental procedure. Whereas the acute toxicity studies previously reported (1) 
were raade on several species ot animals, the chronic studies herein reported are limited to a 
single species, namely the albino rat from our onu colony of an inbred strain. The breeding 
colony and the experimental animals were all housed in quarters which are kept at constant 
temperature and humidity. The animals for these experiments were selected in groups of 
4 litter mates of the same sc.x and placed on experiment at 3 n eeks of age. Three of the 4 
litter mates ^ycrc each placed on diets containing one of the substarjces under investigation. 
The fourth, serving as a control, received the basic diet only. Tnenty litters were used in 
any one e.xperjmcnt which means that 20 animals were used on each e.vpcriroenlol substance 
and that each animal had 3 litter mates, 2 of which were each on a different experimental 
substance, and 1 on the basic diet. By this means the effects of each of 3 substances could 
be compared on litter mate animals as vvcH as with the litter mate control. The 3 glycols 
were compared in one series of 20 litters whereas the mono-ethyl-etherg of ethylene glycol 
and diethylene glycol were studied as a part of another series. The third substance of this 
latter series was not of a similar nature to the glycols and is not being reported at this time. 
The 20 animals on each of the 3 glycols were divided into 2 groups of 10 each, 1 group being 
used at each of tbeSlevchat xrhich these auhstancesnere studied. There n'ereCznales and 
4 females in any one group of 10 animals. The substances being investigated were incor- 
porated in the basic diet which has been described elsewhere (19). Ethyleneglycol was fed 
at levels of I per cent and 2 per cent and the dicthylene glycol was fed at cquimolccular 
concentrations, or 1.71 per cent and 3.42 per cent- The propylene glycol was fed at levels 
of 2.45 per cent and 4.0 per cent, the lower concentration being (he molecular equivalent of 
the 2 per cent ethylene glycol and the higher percentage twice this quantity. Thectbylcne 
glycol mono-ethyl-cther and the dicthylene glycol mono-etbyl-ether were fed at levels of 
1,45 ftnd2.lG per cent respectively, which are equivalent in molecular concentration to the 
I per cent ethylene glycol. These two substances were fed only at the one level. Litter 
mate male animats wore placed on each of these and on the basic diet in groups of 20 animals 
on each diet All animals ncrc placed in individual cages and given free access to their 
respective diets and water. The weights and food consumption were determined at tveeWy 
intervals. 

Results. Growth rate and food consumption. 'Ulien the tveekly grou-th 
rates and weekly food con-suraptioas were plotted for all of the c.xperimcntal 
and control animals and the data analyzed for the first 55 weeks of the experi- 
ment the differences between the control and experimental animals were not 
statistically significant. 

Sun-iVaf. Statistical tests cannot be applied to the mean survival time 
since all animals were sacrificed at the conclusion of 24 months and it is not 
known how much longer they might have lived. 

The number of animals surviving 2 years does not give a true picture be- 
cau<?e in the ca.se of the rats receiving 2 per cent etbyJcne glycol the death.? 
are distributed over both years ivhile in the control groups there were very 
few deaths until well into the second year. Accordingly the number of rats 
surviving the first year of the experiment was taken as a criterion of relative 
toxicity. Only in the cas^c of the 2 per cent level of ethylene glycol is there a 
significant difTcrence from the mortality of the control group. Seven of the 
10 experimental animals died whereas all of the litter mate controls survived 
the first year. The chances arc less than 2 in 1000 (P = .0016) that the con- 
sumption of 2 per cent ethylene glycol has not influenced the mortality of rats 
in the first year of the experiment. Gross and microscopic examinations of 
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the tissues of those animals which failed to survive provided no obvious ex- 
planation for this greater mortality. 

Pathological changes. Inasmuch as a pathologist was not available until 
near the end of the experiment only 50 of the 100 experimental rats were 
microscopically examined. Therefore the 50 experimental animals studied 
are to a certain degree selected, since they arc essentially those surviving the 
longest. There was also some selection of the ethylene glycol animals be- 
cause those with stones in the bladder were always examined and the others 
sometimes discarded. Only 10 of the 40 litter mate controls were examined 
because of limited facilities and because of the examinations of large numbers 
of other control animals which had been fed the same basic diet. Microscopic 
sections of the lung, heart, liver, spleen, kidney, adrenal, and testis were made 
routinely; pancreas, stomach, intestines and lymph nodes were sectioned in 
about half of the animals, and other organs were occasionally sectioned. 

Two outstanding lesions were observed. These were the production' of 
laminated mulberry bladder stones from 0.8 to 1.7 cm. in diameter in 8 male 
rats given ethylene glycol and diethylene glycol (fig. 1), and testicular enlarge- 
ment, edema and tubular atrophy in fully two-thirds of the animals that had 
received ethylene glycol mono-ethyl-ether (fig. 2). The latter lesion has not 
to our knowledge been reported in rats under any condition and bladder stones 
such as those seen in our rats have not been mentioned in previous reports on 
the chronic toxicity of the glycols. Table 1 briefly summarizes the pathological 
lesions found in the various groups of rats that were examined microscopically. 

The testicular lesions were more often bilateral than unilateral. They con- 
sisted of marked interstitial edema and marked tubular atrophy, with the 
w'eight of one testis without its epididymis increased to as much as 7 grams 
instead of the normal 2 grams. The group of rats on ethylene glycol mono- 
ethyl-ether was outstanding in this respect, and the group on diethylene 
glycol mono-ethyl-ether was intermediate between this and the other groups. 
We have not yet been able to determine the pathogenesis of the lesions. 

Large urinary calculi were grossly observed in a total of 6 animals fed ethyl- 
ene glycol; 4 of these received one per cent ethylene glycol, the others 2 per 
cent. The difference in the number of stones observed in two groups of 
animals may probably be explained by the longer survival time of those ani- 
mals receiving one per cent ethylene glycol with the diet. Large calculi W'cre 
likewise observed grossly in 3 animals given diethylene glycol, each bladder 
containing 2 stones of approximately the same size; in the animals that re- 
ceived ethylene glycol several small stones frequently accompanied a single 
large one. Marked chronic cystitis accompanied the bladder stones to a 
greater degree in the ethylene glycol group than in the diethylene glyco 
group. Small colorless crystalline concretions, often very numerous, were 
found in the kidney tubules of 7 of our animals; the microscopic appearance 
and in one case crystallographic examination showed that calcium 
was the chief component. These concretions occurred in rats both with an 
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without bladder stones. Somewhat similar concretions have been found 
previously (20, 21), 

Other chronic lenal lesions consisted of tubular atiophy with less glomerular 
atrophy; tubular casta, asually hyaline, and .slight degrees of lymphocytic 
infiltration and fibrosis. In the group of animals receiving ethylene glycol, 
because of the piesencc of bladder stones and renal oxalate concretions, the 
renal lesions were more severe than in the other groups. The chronic hepatic 



Fm 1. Onc L^rgb and Suvebal Smaixeb Bladdeii Stones Represbntatim: of Those 
F oiP^D IN Sf/Verai. of the Animai-h Receiving Ktiivlene CiL-vcol and Diethvle.ne 
Geicol The Laroe Stone .Xemost Fills the Opened and Thickened 
Bladder 

lesions consisted of diffuse or ccntrolobular atrophy, bile duct proliferation 
and fatty degeneration. In each of these oi^ans more than one of the condi- 
tions mentioned ucre often present. The lungs, heart, .spleen, lymph nodc^, 
pancreas, stomach, intestines, and adrenals of the rats on the various diets 
containing added experimental substances showed no lesions beyond tlio-c in 
the control animals 

Chcimcal analysis of (he urinary concretions. One of the 2 stone,s found in 
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the bladder of an animal that received diethylene glycol, and stones or por- 
tions of stones from 3 of the animals receiving ethylene glycol, were chemically 
analyzed. The principal constituents are shown in table 2. When the stone 
from the animal receiving diethylene glycol was rinsed with water it was 
found to be soft and it began to crumble. On further agitation with water 
about 40 per cent of the entire stone was readily separated from the inner 
portion, which proved to be very hard and compact. The 2 portions of this 



Fig. 2. Testes of Rats Showi.vg Lesion.s REPnESBXTATiVF. of Those Comsionev 
Observed in Animals Receiving Ethvlene Glycol .Mono-ethyl-etiier, and 
Occasionally in other .^xiaiaiai. Tub Strdcture Between the Barge 
Ede.matoos Testes is the Distended Urinary Bladder 

stone were separately analyzed. All stones were analyzed for calcium, oxalate, 
phosphate, and carbonate ions. In tho.se ca.scs in which equivalent quantities 
of o.xalatc and calcium were found in the same stone the values have been 
reported a-s calcium oxalate. This was true for all of the .stones produced by 
the ingestion of ethylene glycol and also for the inner portion of the stone 
from the animal receiving dicthylene glycol. Tests were made for the pres- 
ence of other constituents in the.se stones but since they were found only m 
traces they are not included in the table. Measurable quantities of phos- 
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plmtes were found only in the outer portion of the stone from the animal re- 
ceiving dicthylenc glycol and in this material the oxalate and calcium con- 
tent? were' very low. As may Imj seen from table 2, not all of the constituents 
of the stones have been accounted for and we were unable to identify the 
remaining percentage. The stones were dried at a temperature of 200 to 
250°C. for several hours before being analyzed and hence should have lost the 
water of hydration which usually is present in calcium oxalate. The relatively 
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srBm>.ct 

atADDtft 
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' OtALATe 
. COVCIIC- j 
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tEST«* 
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KtOKEV 

MWACE* 
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Li\et 
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Ethylene glycol . i 

6f 

6 i 

Mono 

Marked 

Slight 

Dicthylcne glycol 

3 


None 

Slight 

Slight 

Propvlcne glycol 



None 

None 

Slight 

Ethylene glycol niono-ethyl-etber 



Two-thirds of 

Slight 

None 




animals 



PjclhyJenc glycol mono-ethyl- 






ether ... 


J 

Few 

None j 

Slight 


• Beyond the number or dcRree in control ommaJs 

t One of these a 6 mm. ureteral stone, in an animal receiving 2 per cent ethylene 
{slycol in the diet. 


TABLE 2 


Cowpoain’on oj slants found in. the bladders of ratstchkh had ingested eikalent gljrcal or 
di'ethglcne glyeol 


strvsrANce 

piyweiCBr 

CAlCITU OXAlATE 


rtjf* ; 

ftrctnl 

Ethylene glycol 

35,2 i 

S2.5 

Ethylene glycol . 

10 3 i 

81.2 

Ethylene glycol 

24.0 

80.4 

Dicthylcne glycol' (inner portion) 

52 5 

92 9 


• The outer portion of this stone weighed 30 9 mgm and contained 11 per cent of calcium, 
7 3 per cent of oxalate ion, and 75.4 percent of pliosphate ion. 


rowstant value of approximately 80 per cent of calcium oxalate in the stone? 
indicates a rather uniform character of formation. 

DISCUSSION AND 8UMM.\RY 

The results of this inve.stigation illustrate clearly the advantage of the long- 
time chroitie toxicity study. The results obtained by contintiing the experi- 
ment for two years that ■\^ouUl not have been noted if it had been discon- 
tinued at the eml of one year were ‘the occurrence of urinarj’ calculi in each 
of the scric.s of the animals rceoivdng ethylene glycol and diothylcne glycol. 
It is po.«.sible also that the microscopic lesion? and testicular enlargement ob- 
served uouUl not Iiavc been as distinctly different between the experimental 





272 


H. J. MORRIS, A. A. NELSON AND H. O- CALVERY 


and control animals if the experiment had been continued for only one year. 
As we have emphasized elsewhere (22) chronic toxicity studies should be con- 
tinued over long periods of time especially in the case of those substances that 
are to be included in the diet of man or are to be administered as therapeutic 
agents or applied as cosmetics repeatedly over long periods of time. 

Although the actual number of urinary calculi found in this series of ani- 
mals is small the significance of their occurrence is increased by the fact that 
over a thousand additional animals from our colony have been fed the same 
— , basic diet for control and experimental studies and in no case have such stones 

, , . been found. The higher incidence of stones at the lower level of intake of 
' ' ethylene glycol has already been referred to. Stones were found only in male 
animals, 6 in the ethylene glycol series and 3 in the diethylene glycol series. 
Although the number of male animals used predominates, the chances are 
less than 5 in 1000 (P = 0.0048) that the sex of the animal does not influence 
the occurrence of stones. The presence of urinary calculi composed pri- 
marily of calcium oxalate following the ingestion of diethylene glycol is almost 
conclusive proof that in the rat the ether linkage of diethylene glycol is broken 
and the end products so formed are converted to oxalic acid. The only al- 
ternative explanation, which is not very plausible, is that in these particular 
animals stones were formed from the very small amount of oxalic acid present 
in the basic diet. 

Fully two-thirds of the animals on ethylene glycol mono-ethyl-ether showed 
marked testicular enlargement, edema and tubular atrophy. This condition 
occurred less frequently in the group on diethylene glycol mono-ethyl-ether 
and only occasionally in the other experimental groups and in the control 
groups. Chronic kidney damage was marked and renal concretions of cal- 
cium oxalate frequent only in the case of those animals receiving ethylene 
glycol. The group of animals receiving propylene glycol differed only very 
slightly from the controls. 

Some of the important questions left unanswered by this investigation are 
obvious, namely, do other species respond in similar manner, and what arc the 
lowest levels that can be ingested without the occurrence of stones and without 
effects on the vital organs, such as the liver, kidney, and reproductive organs? 
Until these questions have been answered the safety of the repeated use in any 
quantity of those substances producing such effects has not been established. 
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' . ' ' . . The clinical usefulness of atropine as a spasmolytic agent is greatlj' impaired 
by its undesired side-effects. For this reason various synthetic compounds are 
being tried as substitutes for atropine, and one of these is the diphenylacetic acid 
ester of diethylaminocthanol (Trasentin). In a previous study of local anesthe- 
tics (1) it was shown that the introduction of a carbon-carbon linkage between 
two benzene rings results in a marked decrease in toxicity with no decrease or 
only a slight decrease in potency. This phenomenon led to the synthesis of 
the diphenylene-acetic (fluorenc-9-carboxylic) acid ester of diethylamino- 
ethanol, and other related compounds, prepared by R. R. Burtner and J. W. 
Cu.sic at G. D. Searle and Company. Spasmolytic and local anc.sthctic actions, 
and toxicity of these compounds have been studied. 

ExpEniMENT.\L. Spasmolytic action was determined on the isolated intes- 
tine, according to the technic of Magnus, in three ways. Ncurotropic action 
was tested on the rabbit’s intestine after spasm was produced by 10“' ' acetyl- 
choline bromide. The musculotropic action W'as determined on the isolated 
rabbit’s intestine against spasm caused bj' lO”! barium chloride, and on the 
isolated guinea pig’s intestine against spasm caused by 2 X 10“' histamine 
acid phosphate. The loops of rabbit’s intestine were suspended in Ringer- 
Lockc solution at 37°C., and those of the guinea pig’s intestine in Tyrode solu- 
tion at 35°C. The potency is expressed in table 1 as reciprocal activity’ ratio in 
relation to compound 23, which has the most favorable therapeutic coefficient. 
As seen in the typical records shown in figure 1, approximately equal relaxation 
after the three spasmogenic agents is produced by concentrations of 1.28 X 10“^, 

4 X 10“', and 9.3 X lO"’ of the spasmolytic agent. 

Musculotropic action is usually tested against spasm produced by barium 
ions. In our experience this method is not very sensitive to concentration 
differences of spasmolytic agents, and it is often difficult to obtain equal rcspon.scs 
on repeated administration of Ba. Equal responses to histamine can be re- 
produced with great case, and concentration differences of 20 per cent of tiic 
spa-smolytic agent can usually be detected, while against Ba spasm, concentra- 
tions differing by 50 per cent arc seldom detectable. The activity ratios found 
with both methods agree fairly well with .some exceptions. Atropine is much 

■ This investigation has been aided by a grant from G. D. .Scaric and Company, 
Chicago, 111. 

5 All such figures express the concentration in grams per cc. 
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more potent against histamine than it is agaiiiM Ita, while pai)averiiic antagonizes 
the spasmogenic agents ctiually. 



Fio. 1. <t Uabtai ilcuai At T ncctyl choline, 1()“* At t, from left toriRlit.cli- 
fition'nc-5-carboxyIatc, 1.6 X 10■^ 1 41 X 10'^, I i'i X lO'*, 1.12 X 10"’, 
t).0 X 10'*, S X 10"* At X, ^\:»sh<)^t 

li. lliibhit jU’uni At t barmm clilortile, It)'* At 1 , from left to riRhl, dieth>i- 
aminoptiiyl n«oronc-5-carbo\ylatc, S X 10“*, 6 X lO'*, 4 X 10"*. At i. waslioiit. 

C Gtiinea piR tleiim At T > histamiP-, 2 X 10**. At i , from left to right, dicthyl- 
nminorthyl fluorcne-9-c.Trlinxylati>, 6 G X 10"’, 8 X 10*’, 9 3 X 10*’, 1.06 X 10"*, 1.2 X 10"*, 
1 33 X 10** At T. w.iahotit. 


The local ane.stlietic action was determined on the raldiitV cornea hy applying 
tlte solutions for one minute and testing the reflex at one minute inter\'ah. 
The results recorded in table 1 siiow the duration and depth in three arhitraiy 

florrmrs nf intonsifv. 


spASiioLvrrc activity 



drtjxyriperi- 
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Toxicity of all compounds was determined by intraperitoneai injection in 
white mice (table 1). The values of LDso were found by interpolation. In 
addition the toxicity of compounds 3 and 23 was found by various routes of 
injection in mice and dogs (table 2). 

Relaxing action was determined by many of the compounds on the small 
intestine in situ, in the rabbit, guinea pig, and dog. While preciselj' quantita- 
tive comparisons of all compounds were not obtained, the results are in agree- 
ment with the comparisons in vitro against acetyl choline. In the rabbit, ure- 
thane anesthesia, sometimes with the addition of ether, was used and contractions 
of the ileum recorded by the method of Trendelenburg (2). Sixteen experiments 


TABLE 2 


DOSE 

OSALLV 

IN IfICE 

SUBCUTANEOUSLY 

IN MICE 

INTRAVENOUSLY 

IN MICE 

INTRAVENOUSLY 

IN DOCS 


ffS 

#23 

#3 

*23 

*3 

*23 

*3 

*23 

gm. per ijw. 









0.010 






0/6 



0.0125 






3/8 . 



0.015 





0/4 

6/6 


1/6 

0.020 





3/8 

4/4 


3/6 

0.025 





4/6 



4/6 

0.030 


i 

1 





6/6 

o.oto 



I 




0/6 


0.050 







3/6 


0.060 


1 



i 


6/6 


0.400 




0/6 





0.500 

1 



1/10 





0.600 


0/6 

0/10 

1/10 





0.700 




3/10 





O.SOO 

1/10 

0/8 

5/10 

5/10 





0.900 


i 

1 

10/10 





1.000 

7/12 

3/10 

7/10 






1.200 

4/6 

5/10 

i 3/4 






1.500 

4/4 

1 10/11 









Mortality ratio = dead animals/animals used. 


were done, and the results are collected in table 3. A typical record is seen in 
figure 2. 

In four guinea pigs anesthetized with urethane, the motility of the ileum uas 
measured by Straub’s method (3). This method measures the threshold o 
distending pressure at which motility appears. The results arc seen in fable 3, 
and a typical record is seen in figure 3. 

In nine dogs, anesthetized with barbital, barbital and morphine, urethane, or 
chloralose, the motility of the small intestine was recorded by a balloon inserte 
within the lumen. The results are recorded in table 3, and a typical rccor is 
shown in figure 4, A. In some of the dogs and rabbits, the administration o 
physostigmine to augment intestinal contractions appeared not to influence ic 
effects of the spasmolytic agents. 



TABLE 3 


Compnrisoru nf intcittnnl relaxing cJTcct 


■ iBBlT 1 

cuiKBA no 

DOC 

11 



2 X J«3 « #5 #5> 

#5>#6 

#3<#5> #0 

2 X #3 = #10 
#3 < #17 
#13 * #14 
#H> #18 

5 X #17 = #18 1 

#1S>#19 



#23>#3 

#23 « 10 X #24 ' 

#23>10 X #25, #26, #27 

#23>#3 

#23>5 X #3 

#23 « #28 » #5 

#23 « #28 

#23 » #5 #23< #2S> #29 

#2S>#29 ' 

#23>IO X #32 
#23>10 X #33 

#23>#5 

#28>#5 #29>#6 

#23 = 6 X #19 

#23>#19 

#23>10 X #19 

10 X #23 - #20 


#23<#20 

I #23>10X#45 




no.Hd 





‘■'if 



Flo. 2. UAHniT, IIRETII^NK AneSTIILSIA ISJECriONP INTO JUQITLAR Vein 
From the top down, itoum, in situ, iiiwlroVp ■■ contraction; time in minutes; sicnal of 
injection. 

,t. Dictfiviaminoetiii'i flti<ircnc-5-C3rbo\yIalc, 0 I Rif;m per k^m. 
r • ■ * ■ ’ ’ " r I )cr kgm. 

<■ ■ ■ . . • i. 
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Since compound 23, diethylaminoeth)'! fliiorcnc-5-carboxylatc hydrochloride, 
seemed to have the most favorable balance of spasmolytic activity and toxicity, 
its actions were studied further. It relaxes the smooth muscle of other organs, 
as shown in figure 4, B for the detmsor of the urinarj' bladder, and the uterus. 
It has no marked broncho-dilator action. This compound has no vasodepressor 
action in doses adequate to relax the small intestine (fig. 4, A). In antagonizing 
the vasodepressor action of acetyl-eholinc, it Ls one hundred and thirtj’ times 



Fjo. 4 A Dog, b.'irbital and morphine anesthesia. _ Injections into femoral vein, 
0 05 mgni.per kgm. 

B Spinal dog, artificial respiration Injection into femoral vein. From the top down, 
pressure in urinarj' bladder, uterus, up3tri>]<.e contraction; intrapleural pressure; car- 
otid arterial pressure; time in four second micrvala At signal, diethylaminoethyl fluo- 
leno-S-cnrboxylate, 2 mgm. per kRtn I’llocarpmc was injected previously. 

weaker than atropine, as determined in three dogs by the method of Kuhl (4). 
“Trasentin” wa.s found to be nine hundred times weaker than atropine. 

The mydriatic action of tliis sulislancc is five thousand times weaker than that 
of atropine, as shown in table 4. Its effect in preventing the sialogoguc action 
of pilocarpine is mote than one hundred times weaker than that of atropine, 
although stronger than that of “Trasentin” (fig. 5). 

Discussion. The systematic search for synthetically prepared spasmolytic 
agents has shown that spasmolytic action does not depend on the pre-sence in the 
molecule of either tropic acid or tropinc. The esterification of other organic 
acids with a bitsic alcohol rcsult.s in spasmolytic activity. A.s concerns the acid, 
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Halpern (5) showed that the esters of both aromatic, and aliphatic acids possess 
spasmolytic activity if the latter acid has at least six carbon atoms. Of the 
large series of compounds studied by Halpern, diethylaminoethyl esters of 
a-phenyl aliphatic acids were highly active, and in this series the peak of activity 
occurred with a-phenyl-valeric ester. We found this compound (no. 1) to he 
about as potent as the diphenylacetic ester, thus the introduction of a second 
phenyl group appears to confer no special properties. Propyl and phenyl 


TABLE 4 

Pupil size in millimeiers 


HOURS 

] 

left eye right eye 

LEFT EYE RIGHT EYE 

RIGHT EYE LEFT EYE 

RIGHT EYE LEFT EYE 

0.0 

-Atropine sulf., 

11123, 5% in left 

#23, 1% in right 

#3, 5% in right 


0.001% in left eye 

eye 1 

eye 

eye 

0.5 

i 

5 2 

3 4 

9 4 

1.0 

10 7 

5 1 

5 5 

10 3 

1.5 

10 5 

5 2 

3 3 

10 3 

2.0 

11 5 

5 2 

2 2 

6 3 

2.5 

S 4 



4 3 


The results of four separate experiments on the same cat on clilTerent days. 


l.lLL 

f T T 

atropine ZS Trasenun 

Kj tJOnjAj 

10 20 M W 50 to 10 20 00 « » W 10 20 30 « 50 60 |0 20 30 « 50 M 

mimites 

Fig. 5 . Skcretio.v of Sai.iv.v 

Four rabbits, urethane 1 Rm. per kpm. per os; pilocarpine 15 mpm. per kRm. siihcii- 
tancously in cacti. 

Ordinate: saliva in cc. 

.Abscissa: minutes. 

From left to right: control, at arrows; subcutaneous injections of afrnnine 1 mgm. per 
kgm., diethylaminoctliyl fluorene-9-carbo.\ylate 100 mgm. jicr kgm. anil dicthj’lammo- 
cthyl diphenylacctate 100 mgm. per kgm. 

groups have been found to be approximately equivalent elsewhere, in the alkyl- 
ammonium compounds studied by Raventos (G). 

It has appeared with four pairs of compounds (3 — 23, 5 — 28, 0 — 29, 8—30) 
that the introduction of a carbon-carbon bridge between two benzene rings of 
the acid results in a marked increase in potency without significant incrca.se in 
toxicity. In two in.stanccs (9— 31 , 14—34), this was not the case. Ring clasure 
of the form seen with compounds 2 — 23 increased potency and tlecrcased foxicifj , 
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while that of the type found in 1 — 37 reduced both potency and toxicity. Spas- 
molytic potency is reduced by incieasing the distance between the carboxyl 
group and the aromatic nucleus, by substitution on the aromatic nucleus, or by 
increasing its size to anthracene or acridine, or to dinaphthyl acetic acids instead 
of diphenyl acetic acid. The change from tropic to atropic acid results in a 
decrease in neurotropic potency, but an increase in miisculotropic potency and 
toxicity, as is the case with atropine-apoatropinc (7). Spasmolytic potency 
is reduced by increasing the size of the aminoalcohol beyond that of diethyl- 
aminoethanol. In general, the neurotropic potency seems to vary with changes 
in structure more widely than docs musculotiopic potency. Changes in local 
anesthetic activity appear to relate more closely to changes in miisculotropic 
potency, than other properties. 


SUMMARY 

1. Forty-one compounds, esters of diphenylacetic and diphenyleneacctic 
acids, and related compounds, have been studied for spasmolytic and local 
anesthetic actions, and toxicity, in comparison with atropine, “Syntropan,” 
“Trasentin,” and papaverine. 

2. Relaxation of spasm of the small intestine in vitro produced by acetyl- 
choline ("ncurotropic action") and relaxation of the spasm produced by his- 
tamine nnd barium (‘‘musculotropic notion*') have been determined. The 
relaxing action on the small intestine tn vivo in rabbits, guinea pigs, and dogs, has 
been obscr%*ed. Changes in structure give a wider variation in neurotropic 
potency than in musculotropic potency. 

3. Local anesthetic action is related more closely to musculotropic action than 
to other properties. 

4. The introduction of a carbon-carbon linkage in esters of diphenylacetic 
acid, giving diphenyleneacetic acid (fluorenc-carboxylic acid) derivatives, rc.sults, 
in most cases, in an increase in sp.tsmolytic potency with little or no increase in 
toxicity. 

5. The most promising compound, dictIiyIaminocthyl-fluorene-5-carbo.xylate, 
has a spasmolytic potency varying from one-seventh to 20 times that of atropine, 
depending upon the test object. In antagonizing the vascular action of acetyl- 
choline, atropine is 130 times stronger, in mydriatic action atropine is 5000 
times stronger, and in aiitisialogogue .action atropine is more tlian 100 times 
stronger than this compound. 

0. DicthyJaminoethyl fluorcnc-i?-carboxyl.atc warrant.s cJinic.n] trial a.s a 
.spa.smolytic agent. 

REFERENCES 

(1) BiiRTSEii Aso Lejimasn : J. Am. Chem. Soc., 62: 527, 19t0. 

(2) Treni>ei.enburo. Ztschr. f Biol., 61:67, 1913. 

(3) Stuxcb: Arch. f. exper, Patli. h. Pham>akoI.,169: 1, 1032. 

(4) KCiiU: Ibid., 109: 295, 1925. 

(5) Halrejin: Arch, mternat. <le pharmacotlyn, cl dc tliCmp., 69: 149, 1938. 

(6) 11a\ entos. Quart. J. E\i)er. Physiol., 26; 361, 1937. 

(7) Kreitmair AND Wolfes: Klin. Wdinschr., 193S, 11,1517. 



INFLUENCE OF DIET ON SULFANILAMIDE TOXICITY 


ISRAEL KAPNICK, CHAMP LYONS and JOHN D. STEWART 

From the Stirgical Research Laboratories of the Harvard Medical School at the Massachusetts 
General Hospital, Boston, Massachusetts 

Received for publication November 22, 1941 

The administration of sulfanilamide and its related compounds occasionally 
results in acute toxic reactions with evidence of damage to various organs. These 
reactions have been well defined clinically but there have been few experimental 
studies on the factors responsible for drug intolerance. Information is lacking 
particularly with regard to subacute or chronic poisoning follmving prolonged 
administration. Smith, Lillie, and Stohlman (1) have recently reported that a 
low protein diet increases the susceptibility of rats to sulfanilamide as .shown by 
a greater mortalit 3 ' rate and a higher incidence of anemia. There have been 
many reports of the influence of protein and carbohydrate dietaries on the action 
of various liver toxins (2). This becomes an important consideration in the 
management of war wounds because chemotherapeutic agents must be given 
over a prolonged period to people whose diet has been restricted by the rationing 
of foodstuffs. It seemed of interest, therefore, to study the metabolism of albino 
rats on high protein, high carbohj'drate, and high fat diets while such animals 
were ingesting rather large amounts of sulfanilamide. 

Materials and Methods. Healthy young adult male albino rats weighing 130 to 180 
grams and obtained commercially were used in all experiments. The animals were placed 
in metabolism cages which permit accurate measurement of daily water and food intake 
and urine volume output. The rats were divided up into four equal groups, each of which 
received a different diet. The composition of the diets is shown in table 1. 

All the animals thrived and gained weight consistently on each of the above rations. 
After four to eight days on their respective diets all the rats were started on daily intra- 
gastric administrations of a suspension of 10 per cent sulfanilamide in 5 per cent gum acacia 
solution. This was administered through a soft no. 8 urethral catheter inserted into the 
stomach under very light and brief ether anesthesia. Attempts to pass stomach tubes 
without anesthesia in these untrained rats resulted in struggling with considerable trauma 
to the mouth and pharynx. Since such daily trauma interfered with the animal’s eating, 
it seemed preferable to use a very small amount of ether. It should be pointed out that 
these experiments were performed without controls of the toxic effect of acacia alone. 

In the first experiment a daily dosage of 1 gram sulfanilamide per kilogram of rat was 
administered, but in the subsequent two experiments the dose was increased to 1.5 grams 
per kilogram. On dosages of 2 grams per kilogram all the animals failed to take food and 
lost weight rapidly. 

The water and food intake, urine volume, and weight were determined daily. Output of 
free and total sulfanilamide in the urine was determined every three to four days on the 
total urine volume of the period by the method of Bratton and Marshall (3). At intervals 
during the experiments all urines were examined for albumin by the nitric acid and heat and 
• acetic acid tests. 

After the drug had been given daily for three to four weeks all surviving rats were sacri- 
ficed twenty-four hours after the final dose of sulfanilamide. Under ether anesthesia, and 
while the heart was still beating, blood was withdrawn for prothrombin, hematocrit, and 
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sulfamlaraide dclerrmnations. Prothrombm detcrtninations were made by the method of 
Quick (4). Autopeies were done to ^acover any gross variation from the normal. 

Results. Twenty-four rata were used in each of three experiments. Forty of 
the 72 rats survived and were killed at the end of their respective experiments. 
Thirty-two of the rata cither died or became so ill tliat they had to bo killed pre- 
maturely. The mortality rate by diets is shown in table 2. 

Most of the fatalities occurred fairly early in the experiment, after progressive 
weight loss, weakness, and emaciation. This was most marked in the group on 
the high carbohydrate diet (no. 5). Practically all of these rats lost weight, 


TABLE 1 


sitr 


jv* : 

BTCB CHO 

BICB rtOtUM 

yt.4 

SICS rAT 


<" 

tm 

l» 

fw. 

Salt mixture* . . 

4 0 

4.0 

4.0 

4.0 

Brewer’a yeaat 

5 0 

5 0 

6.0 

4.0 

CaseiQ 

JOO 

3.0 

8S 0 

30.0 

Crieco ... 

23 8 

32 8 

32.8 

408 

Com stareh 

58 0 1 

76 0 

40 0 

40.0 

01. percomorph , . 

0 2 

0.2 

0.2 

0.2 


* The salt mixture used had the following composition: 


CflCO, ... 31.5 

MgCO, . - . 7.6 

KCl 23 0 

NRlI,PO«-HtO ... ... 258 

NsjCOi ... . . 5.1 

Iron Rmmon. citrat. - ..... 2.0 


TABLE 2 




SURVIVED 

suivnis 

Diet no. i — control 

7 

11 

ftr tMj 

61.1 

Diet no. f— high CHO 

U 

7 

38.8 

Diet no. 5— high protein 

5 

13 

72 2 

Diet no. 4 — high fat 

0 

9 

50 0 


became weak, and looked ill. They remained in poor clinical condition through- 
out the experiment with definite evidence of intolerance to the drug. Many died 
and the animals on this diet definitely did not tolerate the drug o.s well as the 
others. 

Weight curves. The average weight clmnge of the 40 rats which survived the 
experiments is shown in tabic 3, expressed as per cent gain or loss at the end of 
the experinent as compared ivith the weiglits of the animals the day administra- 
tion of sulfanilamide was begun. 

Liver. None of the animals developed cluilcal Jaundice nor was bilirubin found 
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in the urine. Blood prothrombin determinations showed no significant differ- 
ences between the different groups. All values were between 14 and 18 seconds 
in these e.vperiments. At postmortem the rats fed the high fat diet (no. 4) uni- 
formly showed fatty infiltration of the liver. Some of the rats on the high car- 
bohydrate diet (no. Z) also showed varying degrees of fatty infiltration. Other- 
wise the livers showed no gross abnormalities. There was no evidence of 
cirrhosis. 

Kidney. Nine of the original 72 animals developed gross hematuria at some 
period during the experiment. It appears signifieant that 5 of these were on 
the high carbohydrate diet (no. 2) and 4 on the high fat diet (no. Ji). This oc- 
curred most often in the early days of the experiment. In 6 of the animals the 
hematuria was transient, lasting only a day or two and then spontaneously dis- 


TABLE 3 



AVZKACE WEIGHT 
CHANCE PEE AKDXAZ. 


per cent 

+20.1 

-3.8 

Diet no. 2 — high CHO 

Diet no. S — high protein 

4-34.4 

4-7.2 

Diet no. 4 — high fat 



TABLE 4 



ITEINB PEE 100 CEAUS OP EAT PEE DAY 


Control period before 

1 sulfanilainide 

Average ot alJ 
experiments^wito 
sul/anilanude 

Diet no. 1 — control 

cc. 

1.8 

cc, 

6.6 

Diet no. 2 — high CHO 

3.1 

6.3 


5.7 

9.5 


1.9 

4.2 



appearing. In 3 animals the hematuria was followed by death of the animals 
within tw'enty-four hours. 

Only 2 of the rats developed albuminuria and this was slight and transient. 
One rat was on the control diet (no. 1), the other on the high carbohydrate diet 
(no. 2). At postmortem several of the rats showed kidnej's which appeared to 
be somewhat enlarged but there were no other gross abnormalities. 

Urine volume. In all experiments the animals on the high protein diet (no. 3) 
excreted a much greater volume of urine than any of the others and this was also 
true of the control period while the rats were on the special diets and before sul- 
fanilamide was begun. This is shown in table 4. In these experiments the 
high protein rats excreted about 50 per cent more urine than those on the control 
and high carbohydrate diets (no. 1 and no. 2), and more than tvice as much as 
the animals on the high fat diet (no. 4)- 
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Skin. An observation of considerable interest was that about one week after 
starting sulfanilamide therapy some of the rats began to lose their hair. This 
continued to the end of the experiment, at which time some of the rats were 
practically denuded. Almost all of the rats on diets no. 1, no. 2, and no. 4 
showed considerable loss of hair, most marked in the high carbohydrate group 
(80 per cent) , followed by the high fat group (70 per cent) , and the control group 
(60 per cent). Most of the animals on the high protein diet showed no hair loss, 
but a few’ exhibited this to a slight extent (20 per cent). 

Gastro-intestinal trad. Some of the rats on the high carbohydrate diet devel- 
oped transient diarrhea but the other groups showed well formed stools through- 
out. There was no other evidence of gastro-intestinal irritation except for 
occasional anorexia in some of the rats. Usually this was accompanied by an 
increased water intake. It was impossible to evaluate the r61e of acacia in 
producing these changes. 

Many of the animals had large spleens which were verj' dark in color and firm ‘ 
in consistency. The adrenals showed no gross abnormalities in any of the rats. 


TABLE 5 



AVEUCE BLOOD LEVELS 24 HOtntS AFTEt mAt 
DOSS 


Tout KuUa&ilmide 

Free (Dea'seetylsted 
(uiltatUiBloe) 

Diet no. /-control 

Diet no. £— -high CHO 

Diet no. high protein 

Diet no. high fat 1 

mts. ttnl 

11 3 

15.3 

2.6 

7.8 

i"f>. ftf etnl 

8.2 

13.0 

1.3 

6.2 


Blood sulfanilamide levels. The average blood levels for all surviving rats of 
total and non-acetylated sulfanilamide twenty -four hours after ingestion of the 
final dose is show’n in table 5. The animals on the high protein diet showed 
uniformly lower levels than the others. About 41 per cent of the rats showed no 
acetylation of the drug in the blood stream as the level of the free form was 
exactly the same as the total. The other animals varied in the amount of 
acetylated drug from a trace to 43 per cent. There was no correlation with the 
diet of the rats. 

Excretion of sulfanilamide in urine. Tabic 6 shows the average excretion of 
total and free sulfanilamide in the urine for all experiments, expressed as milli- 
grams per 100 grams of rat per day. Marshall and Cutting (5) have shown that 
in the rat sulfanilamide is rapidly absorbed when given by mouth. The total 
amount of the drug excreted in the urine over the course of three to four weeks 
was not very different in the various groups of animals. It is believed that there 
was no essential difference in absorption of the drug from the intestinal tract on 
the different diets but that the differences in blood levels were due to differences 
in the rate of excretion of the drug. All of the rats showed some acetylation of 
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the drug in the urine, varyuig from 5 per cent to 60 per cent, but averaging from 
30 per cent to 40 per cent. 

Hematocrit. The average hematocrit of all surviving rats is shonm in table 7. 
The animals on the high protein diet showed no anemia whatsoever, whereas 
those on the high carbohydrate diet developed a moderate anemia. 

Discussion. It is obvious that the intake of a relatively large amount of 
casein appears to protect albino rats from the toxic actions of large amounts of 
sulfanilamide suspended in acacia. It permits the animals to gain weight and 
to continue groivth and activity. Taking into consideration the weight curves 
of the animals that died prematurely, especially in the carbohydrate group, the 
differences are even more striking. The toxic effects upon the liver, kidney, 


TABLES 



AVrSACC tnUKC EXCBXTIOK W UCS./lOO CKAltS ot 


KAt PE& DAY 


Total sulfanUamide 

Free (non*acetylated 
auifaDiUmide} 



mts. 

Diet m. 1 — control 

75.1 

59.2 

Diet no. S — high CHO 

73.2 

63.4 

Diet no. S — liigh protein 

86.1 

68.5, 

Diet no. 4— high fat 

63.4 

41.3 


TABLE 7 



AVOACE SEUATOeXtT 
AT DEATH 



Diet 710. 2 — high HCO 



54 

Diet no. 4 — high fat 

i 47 

1 ^ 


skin, and hematopoietic systems are minimal in the animals ingesting large 
amounts of casein. 

The mechanism by which this protective effect is e.xorted is of prime impor- 
tance. It is a well-known fact that animals and humans on a high protein diet 
excrete a relatively large urine volume. This was found to be the case in these 
experiments, both before and after sulfanilamide was begun. The blood level 
of sulfanilamide was consistently lowest in all animals on the high protein diet. 
Sulfanilamide acts phj-siologically like any other foreign non-threshold crj'stal- 
loid destined for proportionate excretion through the kidney. The general level 
of excretion through the kidney is increased in the animals on the high protein 
diet and the drug appears to be wa.shed out of the blood stream non-spccifically 
alone with the excess nitrogenous waste products. 

“ ® . . ... .» P_-.il... 
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effects of a high protein diet. However, the excess protein unquestionably helps 
by maintaining optimal nutrition, conducive to rapid tissue repair. In this con* 
nection we were somewhat surprised by the poor showing made by the animals 
on the high carbohydrate diet, since the protein ration in these diets is sufficient 
for maintainance and growth of the animal. Actually, howet'cr, the carbohy- 
drate rata were e.xposed to continuous!}' higher blood levels of the drug, as noted 
above, and comparison is difficult. 

There are many reports in the literature concerning the protective action of a 
high protein diet against hepato-toxins. It is clear that changes in renal func- 
tion may be of considerable importance and must be considered in the interpre- 
tation of these observ'cd phenomena. 

There was very little difficulty from intubation of the animals. The technic 
is simple and effective. We do not bclie%'e that the amount of ether anesthesia 
is sufficient to affect materially the results of the experiments. 

CONCLUSIONS 

1. A high protein (casein) diet protects rats being given large amounts of sul- 
fanilamide suspended in acacia daily, as shown by better survival, weight gain, 
condition of coat, physical activity, and clinical appearance. Drug intolerance 
is increasingly apparent on the general maintenance, the high fat, and the high 
carbohydrate diets. 

2. An increased urine volume is associated with a greater elimination of sul- 
fanilamide and a lower concentration of the drug in the blood of the rats on a high 
protein diet. 

3. It is suggested that the greater tolerance afforded by the high protein diet 
is due to some extent to a more rapid excretion of Bulfanllamide 
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The 43 compounds to be reported were synthesized in the Department of 
Organic Chemistry, Yale University, under the supervision of A. J. Hill, in 
collaboration with K. G. Pleger, R. B. Holmes, V. S. Salvin and G. L. Boomer. 
The chemical data will be published elsewhere. The compounds can be con- 
veniently divided into four chemical groups: {A) alkamine esters of diphenyl- 
acetic acid, diphenylpropionic acid, and closely allied derivatives; (R) alka- 
mine esters of phenyl alkyl or phenyl alkylene substituted acetic acid; (C) 
symmetrical alkamine esters of diphenylsuccinic acid; (D) derivatives of alka- 
mine benzyl ethers. 

Methods and indices. The compounds were tested for their efficacy as surface and 
block anesthetics. For testing surface anesthesia, the rabbit cornea was employed. Solu- 
tions were made of the hydrochloride salts in isotonic sodium chloride. The anesthetics 
were allowed to remain in contact with the cornea for two minutes after filling the con- 
junctival sac with the test solution. Following this interval, the anesthetic was removed 
by drainage and washing the eye with sodium chloride solution. The anesthetic thresholds 
and the duration of action of two per cent solutions of the various compounds w'cre deter- 
mined, Compounds failing to produce corneal anesthesia in two per cent solution were 
termed "inactive,” 

The activity of a number of the compounds as blocking agents was tested by the frog 
urostylc method (1, 2). Minima! anesthetic dose (mgm per gram for sensory anesthesia), 
the duration of anesthesia produced by this dose, and the dose required to maintain spinal 
anesthesia for 180 minutes were determined. 

The irritating property of the individual compounds was estimated by careful observa- 
tion of the rabbit eye. The ratings assigned in the tables are a composite index of hyper- 
emia, edema, and corneal insult and are graded from one to four plus, the latter being in- 
dicative of intense vascular congestion, edema of the lids, and clouding and pitting of the 
cornea. 

Minimal lethal dose (M.L.D.iw) was determined by intraperitoneal injection in mice. 
The large number of compounds and the small amount av.ailable of each precluded the use of 
large series of animals to ascertain toxicity, so that the figures presented in the tables can 
only be considered as close approximations. The intraperitoneal route of administration 
was chosen in order that the measurement of toxicity might reflect both the absolute tox- 
icity of the compounds and their relative rates of destruction. Many members of the 
series are rapidly hydrolyzed so that subcutaneous injection would give a misleadingly 

1 Data appearing in this communication formed the basis of theses submitted by John 
M. Thomas, George A. Hahn and John M. Pruttingin partial fulfillment of the requirements 
for the Degree of Doctor of Medicine, Yale University School of Medicine. 

Expenses for this research were defrayed in large measure by a grant from the Ca co 
Chemical Company- 
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low toxicity value, due to the close balance between rate of absorption and rate of destruc* 
tion On the other hand, intravenous toxicity determinations would err on the opposite 
side in that the desirable property of rapid rate of destruction is not reflected in the intra- 
venous M.L.D. 

V^arious indices were employed to gau^c the relative anesthetic potency, toxicity and 
therapeutic efficacy of the different compounds. Cocaine was used as the basis of com- 
parison. An index of anesthetic potency greater than unity represents activity greater 
than that of cocaine. An index of toxicity less than unity represents toxicity less than that 
of cocaine. Therapeutic ratios represent the indices of anesthetic potency divided by the 
index ol toxicity. The therapeutic ratios for both eurface and bloch aocstbesia were calcu- 
lated on the basis of mouse to.\icity. Bicter, Harx'cy and Burgess (1932), in evaluating the 
therapeutic rAtioa ol anesthetics as blocking agents after intrathecal injection in the frog, 
used the toxicity data for the frog obtained by this method of injection. However, it 
seemed more valid to use the mouse toxicity figures for the following reasons. Where.as the 
mechanism of nerve block is comparable in amphibia and mammals, the basis of toxicity is 
probably quite different. Also, alter uroalyle injection in the frog, the anesthetic produces 
death by contact depression of the central nervous system, whereas .after parenteral injec- 
tion in mice, the mechanism of toxicity is sirorfar to that noted clinicany after regional or 
spinal block, namely, absorption and general syateroic toxicity. 

Results and orscussrON. Group A. The compounds of this group are 
tertiarj’ amino esters of diphenylacetic acid, diphcDylpropionic acid and closely 
allied derivatives. The quantitative pharmacological data for the compounds 
are presented in tabic 1, The significant characteristics and relationships will 
be discussed for the Individual compounds. 

Compound A-it ^-dicthylaminoethyldiphcnyl acetate, may be considered 
the basic member of Group A. Since this study was first undertaken, other 
pharmacological properties of the drug, namely, antispasmodic and parasympa- 
tholytic activity, have been described. The drug is now marketed os “Trasen- 
tin” and usuaJJy iittJe or no mention is made of its local anesthetic properties. 
Antispasmodic and parasympatholytic activity characterise all the members of 
this group of anesthetics and the relationships between chemical structure and 
these particular properties will be the subject of a future coramum'cation. 
Compound A-l is more potent than cocaine both as a block and surface anes- 
thetic and is less toxic. It compares favorably with many local anesthetics in 
clinical use. However, fuU anesthetic concentrations, when applied to the 
cornea, cause a slight degree of })j’peremia. 

Compound A-5 differs from A-l only' in that one phenyd group is replaced by 
a tolyl. This methylation increj^es toxicUj% efficacy as a block anasthetic, 
and irritant properties. 

Compound A-6 differs from A-I tn being an ester of benziiic rather than 
diphenylacetic acid. The presence of the hydroxy group decreases surface 
anesthetic potency and increases to.xicity threefold. This particular benziiic 
acid derivative has many interesting pharma colopcal actions. It compares 
favorably with papaverine as an antispasmodic and approaches atropine in 
para‘«y'mpatholytic activity. Its varied phannacological actions tvill form the 
Kasls of a separate report. 

Compound A‘4 incorporates the changes occurring in A-2 and A-3. The high 
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block anesthetic than the foregoing members of the series, but is equal in po- 
tency to A-1 as a surface anesthetic. 

Compound A-5, the methoxy derivative of A-1, is less potent as an anesthetic 
and has sufficient toxicity so that its therapeutic ratio is low. 

Compound A-6, the dibutylamino homologue of A-1, undergoes spontaneous 
hydrolysis in solution with a consequent loss of activity. 

Compound A-7 features a substitution of morpholine for the diethylamine of 
A-1. It is the least toxic of all the compounds studied and still retains a degree 
of activity equal to that of cocaine as a blocking agent. 

Compound A-8 is representative of the familiar procedure of lengthening the 
ester chain in S3mthetic local anesthetics, being the propyl ester homologue of 
A-1. Toxicity is markedly increased but no change occurs in anesthetic po- 
tency, a striking example of the dissociation of anesthetic and toxic properties. 

Compound A-9 is also a propyl ester but differs from A-8 in that the tertiary 
amine is substituted on the beta carbon. Both toxicity and activity as a 
blocking agent are reduced. 

Compound A-10 incorporates multiple changes in that it is the y-dibutyl- 
aminopropyl ester of benzilic acid. When compared with the diethylamino- 
ethyl ester of benzilic acid (A-3), it is found to be very much more potent, with 
respect both to minimal anesthetic concentrations and duration of action, and 
is only slightly more toxic. The increase in activity can be ascribed to the 
presence of the dibutyl amine. The high toxicity cannot be attributed solely 
to the benzilate structure inasmuch as the change from an ethyl to a propyl 
ester in the diphenyl acetate compounds (A-1 vs. A-8) results in a product that 
is as toxic as A-10. Unfortunately, dibutylaminopropyldiphenyl acetate was 
not available for study. The high activity of A-10 prompted a study of its 
intravenous toxicity in rabbits. The fatal dose is 5.0 mgm. per kilogram as 
compared with 15.0 mgm. per kilogram for cocaine. The discrepancy between 
the toxicity index after intraperitoneal injection in mice (1.2) and after in- 
travenous administration in rabbits (3.0) is explicable on the basis of a more 
rapid rate of destruction of this type of synthetic ester than cocaine. 

Compound A-11 is unique in this series, being a /3-diethylaminoethyl ester of 
diphenyleneglycollic acid. When the anesthetic is compared with A-3, it i-s 
seen that the change to the diphenylene structure has resulted in a decrease » 
toxicity, a decrease in potency but an increase in duration of action as a surface 
anesthetic, and an increase in potency as a block anesthetic. 

Compound A-12 differs from compound A-1 only in being a propionate rather 
than an acetate. The outstanding effect is to increase the irritant property. 
There is also a slight inerease in toxicity and activity as a block anesthetic. 

Compound A-IS differs from A-12 in being a propyl ester. Toxicity and dura- 
tion of action are thereby considerably increased without significant change m 
minimal anesthetic concentrations. A similar increase in toxicity results in the 
acetate series in the change from an ethyl to propyl ester (A-1 vs. A-8). 

Compound A-14 differs from A-1 in being a phenylbenzyl acetate rather than 
a diphenyl acetate. This change is markedly detrimental, resulting in an e.x- 
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tremely irritating compound with greater toxicity and less anesthetic potency 
than the parent substance. 

Compound A-15 in the propyl ester series differs from A-8 in the same manner 
that A-14 in the ethyl ester series differs from A-1, namely in being a phenyl- 
benzyl rather than a diphenyl compound. Irritation is again greatly increased. 
In this instance, however, toxicity is reduced and anesthetic potency is unal- 
tered. This indicates that no general conclusion can be drawn with regard to 
the effects of the same substitution in two series of compounds as closely related 
as the ethyl and propyl esters. Compound A-15 must also be compared with 
A-14 from which it differs only in being a propyl rather than an ethyl ester. 
This change has increased anesthetic potency and toxicity. 

Compound A-16 differs from A-15 in that the benzyl group is replaced by a 
phenylethyl. The anesthetic and irritating properties are not altered, but the 
toxicity is somewhat decreased. 

Group B. The compoimds of group B, except for B-8, consist of phenyl- 
alkyl or alkylene derivatives of acetic acid alkamine esters. The quantitative 
pharmacological data on these compounds are presented in table 2. 

Compound B-1 is ^-diethylaminoethylphenylethylidene acetate. The re- 
placement of one phenyl of A-1 by a two carbon unsaturated chain destroys 
anesthetic activity. 

Compound B'S, ^-diethylaminoethylphenylallyl acetate has regained anes- 
thetic potency, but when compared with A-1 it is much weaker as a surface 
anesthetic. 

Compound BS differs from B-2 in being a propyl rather than an ethyl ester. 
This change doubles activity as a surface anesthetic and diminishes toxicity, 
the latter change being the opposite of that noted in the A group upon replac- 
ing an ethyl with a propyl ester. 

Compound B-4, the butylphenyl acetate, has regained the full activity of the 
diphenyl compounds. Toxicity and irritant property, however, are greatly 
increased. 

Compound B-5 differs from B-4 in being the propyl rather than the ethyl 
ester. This change has resulted in a decrease in toxicity and irritant property 
without altering surface anesthetic potency. Again in this series, the change 
from the ethyl to propyl ester is accompanied by a decrease in toxicity. 

Compounds B-6 and B-7, both amylphenyl acetates, are too hygroscopic to 
permit quantitative W’ork. 

Compound B-8, a tricthyl acetate, is without anesthetic activity. 

Group C. Group C consists of four symmetrical alkamine esters of diphenyl- 
succinic acid. The pharmacological data for this series are presented in tabic 3. 

Compound C-1 , the simplest member of the group, is symmetrical ^-diethyl- 
aminoethyldiphenyl succinate. When compared with ^-diethylaminoethyl- 
diphenyl acetate, it is less potent both as a surface and block anesthetic and 
approximately as toxic. 

Compound C-S, the symmetrical dibutylamino homologue of C-1, is inactive, 
probably as the result of spontaneous hydrolysis. 
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Compound C-S, which differs from C-1 in being the propyl rather than the 
ethyl ester, is somewhat more toxic, no more potent as a surface anesthetic, and 
slightly less potent as a blocking agent. An outstanding property of the com- 
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pound, however, is its long duration of anesthesia, evident in regard both to 
the cornea and the spinal cord. 

Compound (7-4 is the sjunmetrical dibutylamino homologuo of C-3. The 
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main result of this change is a decrease in toxicity and an increase in irritant 
property. A unique feature of tfm compound is the fact that the onset of 
comeal anesthesia is delayed for seven minutes after topical application. 

Group d. The compounds of this group consist of derivatives of benzyl 
ethers and benzylamines. Their pharmacological data are presented in table 4, 

Ccmvpound D-1, ^-dlethylammocthylbenq^l ether, may be considered the 
parent substance of the benzyl ether derivatives. In itself, it is a highly torie 
anesthetic of low activity. 

C<mpound D~3 is the p-ethyl c&rbojq^late of D-1. This change has markedly 
increased the potency of the compound as a surface anesthetic and decreased 
the toxicity. 

Compound D-S, the p-butyl carboxylate of D-1, is even more potent both as 
a surface and block anesthetic, and considerably less toxic. Thus not only 
does the ester group enhance the activity and decrease the toxicity of the 
alkaimne ether, but increasing the length of the ester chain further increases 
anesthetic potency and decreases toxicity. 

CompoUTid D-4 differs from D-2 in that the simple ethyl ester has been con- 
verted to a diethylaminocthyl ester, the ether portion of the molecule remain- 
ing unchanged. The resultant compound, 4-diethylammoethylcarboxylatc of 
dicthylaminoethylbenzyl ether, has lost all anesthetic sctiWty. Thus the 
change from ethylcarboxylate to diethylaminoethylcarboxylate is detrimental 
and it would appear that p-alkamine esters arc less effective than simple alkyl 
esters of benzyl ethers. 

Compound D-B is 4*dibutylaminoethylcarboxylate of dibutylaminoethyl- 
benzyl ether. As a result of changing both the ester and ether alkaminea from 
diethyl to dibutyl, minimal anesthetic activity is restored, associated with 
low toxicity. 

Compound DS is similar to D-4 in the ether portion of the molecule, but the 
ester group has been changed from dietbyJaminoetbyl to dibutyJaminopropyl 
This change in the ester portion of the molecule not only restores activity, but 
results in a fairly potent compound. Thus, para substitution of aUauninc 
eaters which are sufficiently long-chsdned can potentiate the anesthetic activity 
of alkamine benzyl ethers. 

Compound D-7 can best be compared to D-2, the only change bemg from an 
ctiiyl to a propyl ether. Anesthetic activity is adversely affected and toxicity 
is unchanged by increasing the length of the ether chain. 

Compound D-5 differs from D-7 in being a dibutylamino rather than a diethyl- 
aminopropylbenzyl ether. The change from the diethyl to dibutyl amine 
increases anesthetic activity and decreases toxicity. However, the irritant 
property of the compound has been increased. 

Compound D-5 is ^‘diethylaminoethylcarboxylate of ffiethylaminopropyl- 
benzyl ether. Its inactivity ought be ascribed cither to the detrimental effect 
of the propyl ether, as Judged from the fact that previously this change {D-7 
VB. D'2) was detrimental to activity; or to the fact that the (ster chain (dicthyl- 
aminocthyi) is too short to bring out the onesthctic actirity of the ether (see 
D-4); or to both factors. 
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Compound D-IO is ^-dlcthylaminopropylcarboxylatc of diethylaminopropyl- 
benzyl ether. One feature of this compound has previously been shou-n to be 
associated with a decrease in actinty, namely, the propyl ctlier. Inasmuch 
as activity would seem to be returning, as evidenced by the slight action of the 
compound as a block anesthetic, this must be ascribed to the fact that it is a 
propyl ester. 

Compound D~il differs from D-10 only in having isopropyl rather than propyl 
groups in the ester and ether portions of the molecule. The slight activity as 
a block anesthetic, noted in D-IO, has disappeared as a result of this change. 

Compound D-JS, 4'dibutylaminopropylearboxylate of dibutylaminopropyl- 
bcnzyl ether, has a lughcr molecular weight than any member of the series. 
One feature of this compound, namely, the propyl ether, has previously been 
shown to be detrimental to anesthetic activity. Consequently the high potency 
must be attributed to the dibutylamino groups in both the ether and ester por- 
tions of the molecule as well as to the propyl ester. Although the compound 
has a relatively low toxicity, it is highly irritating. 

Compounds D-IS, D-t4 and D-16 comprise three derivatives of diethylbenzyl- 
amine. D-13, 4'^iothylaminoethylcarboxylale of dicthylbenzylaminc, and 
D-H, 4‘dicthylammoprop3’lcorbox>'Iate of dietbj'lbenzi’lamine are both inactive 
as anesthetics. However, compound D-I5, ^^ibutylaminopropylcarboxylate 
of diethylbenzylamine, has minimal anesthetic activity associated m’th low 
to.xicity. Obviously, dialkylaminobenzyl ethers arc more potent anesthetics 
than benzylalkyl amines. 

Group D as a whole shows roost interesting relationships between chemical 
structure and pharmacological activity. These arc depicted in table 5. 

BUJlfafARV 

Forty-three compounds were studied for tlicir local anesthetic properties, 
toxicity and relationship between chemical structure and pharmacological 
action. Thej' consist of (A) alkamine esters of diphenjdacetic acid, diphenyl- 
propionic acid, benzih’c acid and closely allied derivatives; (B) alkamine esters 
of phenyl alkyl and phenyl aUcyIcne substituted acetic acid; (C) symmetrical 
alkamine esters of diphenylsuccinic acid; (B) para alkyl and alkamine carbox- 
ylatcs of alkamine benzyl ethers and diethyl bcnzjdaraine. All the groups 
contain highly active members, 

(1) All members of group A are active. In general, increasing the length of 
the ester or alkamine groups increases toxicity and anesthetic potency, but there 
are several notable exceptions. 

(2) Fhenjd alkylcno acetates are inactive if the alkylenc group contains 
onlj’ two carbon atoms, but activitj' appears with a three carbon chain. Phenyl 
butyl acetates are as active as diphenyl acetates. 

(3) Alkamine esters of diphenylsuccinic acid arc characterized b^' relatively 
high thresholds of anesthetic activity but exceedingly' long durations of action. 

(4) Dicthjdaminocthylbcnz>'I ether has weak local anesthetic activity. 
Para substitution of ethyl and butyl carbo.xj'late progressively potentiates 
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anesthetic activity and decreases toxicity. Activity is lost if the p-ethyl 
carboxylate is converted to the p-diethylaminoethyl carboxylate and is only 
regained by increasing the length of the ester or alkamine chain. Lengthening 
the ether from ethyl to propyl diminishes activity whereas increasing the 
alkamine portion of the ether chain from diethyl to dibutyl enhances potency. 
Para alkamine carboxylates of diethylbenzylamine are active only after the 
carboxylate has been increased in molecular weight to the dibutylaminopropyl 
ester. 
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Tlie effect of various substances other than secretin on the external secretion of 
the pancreas foUowii^ their intrav'enous injection has been the subject of con- 
siderable investigation, as a result of which it is now believed that certain com- 
pounds stimulate and others inhibit. In the former category are peptones (1), 
pilocarpine (2), physostigminc (3), prostigmine (4), muscarine (5), trimethyl- 
amine (6), quartenary ammonium salts (7), choline (8), atropine in large doses 
(9), histamine (10), raethylguanidine (11), barium chloride (12), and nitrites (13). 
The substances which inhibit include atropine (14), epinephrine (16), and 
ephedrine (16). In general, it may be stated that compounds which possess a 
cholinergic action might bo expected to cause the pancreas to secrete, due to 
stimulation of the vagus secretory fibers to the gland; and those which are vaso- 
dilators stimulate secretion as a result of increased blood flow through the pan- 
creas, the secretion of which has been shown to be affected by changes in vascular 
tone (17, 18). Conversely, atropine is stated (14) to inhibit pancreatic flow by 
eliminating that component of secretion arising from vagus activity, and epi- 
nephrine and ephedrine probably operate through their vasoconstrictor effect 
(15, 1C). 

The present experiments arc the outgrou-th of a study of the effect of miscel- 
laneous drugs on pancreatic secretion and gall-bladder tone and motility. In the 
course of this work it was noted that epinine, one of the substances tested, stimu- 
lated pancreatic secretion, and that certain characteristics differentiated this 
stimulation from that evoked by secretin. ‘Hiis observation appeared particu- 
larly striking because of the obvioas structural similarity (see table 1) between 
epinine and epinephrine, an established inhibitor of pancreatic secretion. Con- 
sequently a large series of sjTnpathomimctic amines has been tested with a view 
to ascertaining which of them possess the property manifested by epinine, and, if 
possible, the molecular structure necessary' for such actiorj. At the same time, 
comparative quantitative studies were made of the inhibitory effect on pan- 
creatic secretion evidenced by the drags of this series. 

ExpnamaNTAL. Intact dogs of various sizes were anesthetized with eodmm pentobar- 
bital, the abdoxQen opened by a zzudlme incision, and the main pancreatic duct cannulated. 
A record was made of carotid blood pressure, and of pancreatic flow by means of an electric 
drop counter, and a small dose of a potent secretin concentrate (SI) was injected to provide 
assurance that the animal's pancreas was properly responsive. The sympathomimetic 
amines to be tested were then injected in varying quantities, the dosage depending on the 
degree of blood pressure rise and the presence or absence of toxic manifestations. 

In order to determine inhibition of secretion prtKluced by the drugs the animals were 
309 
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given a continuous intravenous injection of a dilute secretin solution through a Woodyatt 
pump at a rate of approximately 0.1 mgm. per minute. When the secretory rate became 
constant at a rate of 1 to 2 drops per minute the drug under investigation was injected and 
the alteration in secretion observed. To place these findings on a quantitative basis the 
animal’s blood pressure response to a known amount of epinephrine (0.1 or 0.01 mgm.) was 
determined, together with the extent and duration of pancreatic inhibition produced 
thereby. Subsequently the dosage of .the unknown drug requisite to produce approximately 
the same rise in blood pressure was ascertained by a series of trials, and the degree of pan- 
creatic inhibition produced by the epinephrine equivalent was noted. 

Results. A. Sympathomimetic amines stimulating pancreatic secretion. Six 
of the compounds tested were potent to a greater or lesser degree in causing the 
pancreas to secrete when injected intravenously in a dosage of 1 to 10 mgm. 
These were, in the order of their effectiveness, hydroxytyramine, epinine, 
m-hydroxyphenethylamine, m-methoxyphenethyhmine, p-methoxyphenethyl- 
amine, and S,4-dimethoxyphenethyIamine. The pressor action was most pro- 
nounced in the case of epinine and least so in the methoxy compounds. When, 
cocaine was injected in a dosage of 3 mgm. per kilo prior to the administration of 
these drugs, there was a marked potentiation of both pressor action and pan- 
creatic stimulation. Ergotamine in 3-5 mgm. doses diminished or abolished the 
pressor response to these compounds, but left undiminished the secretory response 
of the pancreas. An illustrative record is reproduced in figure 1. 

B. Sympathomimetic amines inhibiting pancreatic secretion. The great ma- 
jority of the compounds tested fell into this category. When the “epinephrine 
equivalent” of the drug examined was injected intravenously into a dog whoso 
pancreas was caused to secrete at a constant rate, there was a retardation in 
pancreatic flow of varying duration, usually coextensive with the pressor re- 
sponse. In some instances the inhibition w'as followed by a brief secondary ac- 
celeration over the control rate. 

The detailed data for all the drugs tested, including the pressor epinephrine 
equivalents, are listed in table 1. 

Discussion. An examination of the data reveals that the majority of the 
sympathomimetic amines tested exerted an inhibitory effect on pancreatic secre- 
tion. This undoubtedly is due directly to their vasoconstrictor action whereby 
the blood supply to the pancreas is decreased and consequently the circulating 
secretin is prevented free access to the gland. Although crucial evidence in this 
regard is lacking, since there is no satisfactory method of measuring blood flow 
through the pancreas, there is an abundance of presumptive support. Plethj's- 
mographic measurements (44) on the pancreas reveal significant changes in size o 
the gland following vagus stimulation indicative of increased blood supply; ana 
it has been noted by one of us (45) that generalized active hyiicremia induced bj 
artificial hyperpyre-xia results in an increased responsiveness by the pancre^ o 
secretin stimulation, whereas artificially depressing the body temperature has a 
converse effect. The other possible mechanism whereby secretion may be e- 
pressed is by a constriction in the duct system of the pancreas, a circumstance 
which has also been demonstrated to occur following vagus stimulation (46).^ ^ 

this event the initial inhibition should be followed by a marked secondary s im 
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lation. Such a situation was found to obtain in the cjisc of some of the com- 
pounds tc^tcd (table 1), so that witli these particular drugs this mechanism may 
have been opeiative partially — not completely, since the secondary stimulation 
was in no instance marked or piolonged, noi did it compensate for the deficiency 
existing duiing the pha«c of inhibition. 

Three of the substances tested — o.xytyramine, ejiininc, and 77j-hydioxyphcn- 
othylaminc — occupy a unique position in this series of compounds, in that they 
stimulate the pancreas to secrete instead of inhibiting it. Four otbci-s — m- 
methoxy- and 7 >mcthoxy-phencthylaminc, S,4-dimcthox>'p^'r^ntithylamine, and 
3,4-dihydroxypbenylalamine arc alsostimulatoi’s, though to a considerably lessor 
degree. The mechanism whcieby this lake.s place is obscure; however, certain 
characteristics sharply distinguish it fiom secretin stimulation. In the fimt 
place the secietory response to the drug^ Is completely abolished by atrojiine, 
wliereas tliat to secretin is not; secondly, secretin fails to eauso the pancicas to 
secrete after ergotamine, which, however, doc.s not diminish tlic response to the 
sympathomimetics. There arc three possible mechanisms by which those drug? 



Fio 1. P^NcnE\Tic Respoxse 1.x Dnops to Seciietiv and to Epixixe bepoue and after 
Cocai.se and Crcotwiine 


may act. They may (a) produce a local vasodilatation in the pancreas; ({;) they 
may stimulate secretoiy ner\es which arc piobahly vagal in derivation, .since 
syrapathctir secictory fibci> to the pancreas have never been demonstrated; or 
(c) tlicy may act directly on the acinar cells The present dcmonstiation that 
these diugs can stimulate a secreting gland is not an entiiely new dcpartuic; it 
was previously shown hy one of iis (47) that cpiniue has the property of stimu- 
lating gastric .secretion. Furthcimoic, it is well knowm that adrenergic drugs 
stimulate the .salivaiy gland', to form a sparse, thick .secretion (48). 

Regarding the molecular htructurc neces.sary for the elTcct noted, a considciablc 
degree of specificity appears to exist. ThU'. phenethylaminc and tyramine fail to 
stimulate, but a shift of the hydioxyl group on the ring to the S-position relative 
to the side chain icsults in a stimulator, and addition of an hydroxyl gioup to 
form a S-.i'dihy(hoxj'phonyl .structure icsults in a marked incrca^.c in potency. 
Monomcthylation of the amino gioup icsults m only a *'hg!it dcci-ease in cfTcc- 
tivcness, hut dimothylalion completely abolishes it and lesuUs in an inhibitor. 
Likewise, an inhibitor is obtained when the carbon atom in the o-position to the 
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TABLE 1 


Pressor and pancreatic secretory effects of sympathiomimetic amines 


COVPOIN'D 


EPINEPHRIKF. 

PANC8R.VTIC 

IKIUBITIOS' 


E:tlent 

Dura- 

tion 




Per cent 

WJB. 

Phcncthyl amine (19, 
20) 

^CHi— CHiKH, 

4 X 10'» (b) 

75 

1.5 

Phenyl-2-aniino-l-pro- 
pane (21) 

Q/™ 

^CH— CH.XH, 

2 X 10-= (b) 

CS 

5 

1 

A'-methylplienctliyl- 
amine (22, 20) 

|A 

^CH,— CHsKHCH. 

9.4 X 10-> (a) 

00* 

2 

Pervitin (23, 24) des- 
oxyepliedrine 

■ 0 /"• 

^CIL— CH— NHCHi 

1 

1.9 X 10-* (b) 

GO 

2.5 

Phenyl-S-amino-l-pro- 
pane (25, 20) 

1 

i 

1 2.3 X ]0-> (b) 

1 

00 

2 

Propadrinc (2G, 27) | 

Q /"■ 

^CHOHCH— XH. 

I X 10-= (a) 

17* 

1 

d-Ephedrinc (2S, 29) 

0 

^CHOHCII— XHCH. I 

1.5 X 10-= (b) 

50 

IS 

Ephctonal (30) 

^CIIOH— CHXHGIL 

4 X 10-= (b) 

100 

1 

i 

2$ 
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TABLE I — Continued 


COXKICKS 

founriA 

crorcnnixc 

tQTTIVAIXNt 

rAKOUnc 

nmismov 


Xhu*' 

tKJfl 

Tyramins (31, 20) 

1 

0 

OH 

GHjCHjNH, 

4.7 X (b) 


•uin. 

2i 

ilZ-bydrojorphea- 
etbylamine (20) 

1 

0 

|OH 

CEI,CH,NH, 

0.6 X 10-* (b)| 

Stimi 

ilates 

] 

Paredrinol,Verilol (32) 


0 

OH : 

i NHCHt 

CH,CH,CHi 1 

1 

1 X icr» (a)' 

! 

40 1 

j 

5 

Sy&«phrinc Sympa- 
thol (33) 


Q 

OH 

CHOIICH,KHCH> 

9,5 X 10-*(b)j 

i 

1 

j 

1 

Oxylyiamtne (34, 20) 


(?■ 

^ CHtCHjNUt 

5 X 10“* (b); 

i 

BUmt 

dates 

Epinine (35, 20) 


OH 

0“ 

Cn,CH,NHCH, 1 

3 X 10-» (a) 

Stiroi 

tlfttCS 

ArtercDoI (33, 37) 


OH 

a" 

CHOUCHiNH, 

3 X l0-> (ft) 

76‘ 

4 


Epioeplirino (38, 39) 


uii 

Cf” 


crroifCitiNHCiii 



sot 4t 

67t 10{ 
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TABLE 1 — Contimtcd 


COilPOUM) 

rOUfITLA 

EPiNCTinimE 

ZQUIVAIENT 

PANCMAnC 

iNniDmoK 

Extent 

Durx- 

tloa 

Corbasil, cobefrine (40, 
41) 

OH 

(?■ /» 

CHOH— CH— NHj 

2.5 X 10-> (a) 

per cent 

57* 

fiin. 

3 

S,4-Dioxyphenetbyl- 
dimetbylatnine (21) 

OH 

0” /“■ 

CH.CH,N 

\ 

CH, 

1.3 X 10-= (a) 

67 

9 

Corynein chloride (21, 
41) 

OH 

0“ 

CH,CHjN(CH,),Cl 




Dioxyephedrine (41) 

OH 

CHOHCHNHCH, 

3.8 X 10-= (a) 

87 

10 

Ethyl nor-suprarenin 
(41) 

OH 

0” 

CHOHCHNH, 

1.9 X 10-» (b) 

1 

62 

6 

Adrenalone, kephrine 
(42, 20) 

OH 

Q,. 

COCHjNHCH, 

3.6 X 10-» (b) 

78 

7 

6,7-Dihydroxytetra- 
hydro-S-methj'l- 
isoquinoline (35) 

CH, 

HOj^’Y 

H0\A. /N— CH, 

CH, 

2 X 10-‘ (b) 

33 

5 
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TABLE l~-ConeluSed 


COMPOTOD 

1 

1 powfntA 

zpDftPExcne 

ZQCIVAIXKI 

PAxa 

nran 

Exteat 

ICATIC 

tmoH 

Duti- 

tioa 

p-Methoxyphenethyl- 
amine (43) 

i 

i 

OCH, 

0 

CH,CH,NH, 

6 X 10-* (b)l 

! 

ptT tent 

Stimt 

dates 

m-Methoxy-phenethyl- 
amine (43) 


Qochi 

CHiCHiNHi 

4.6 X lOr* (b) 

Stimi 

dates 

S,4-Dimethoxyphen- 
etbylamine (43) 


OCHi 

0OCH. 

CH,CH,NH, 1 

0 

Stimi 

i 

dates 

8,4-Dioxyphenylal- 
anlne (44) 


OH 

CH,CH~OK) 

\ 

OH 

0 

Stimi 

dates 

1 


(a) Standardised to O.l epinephrine. 

Standardized to 0.01 cagm. epinephrine. 

* Secondary stimulation. 

1 0.01 mgm. 
i 0.1 mgm. 

ring is substituted by an hydroxyl or a keto-group. Methylation of the phenolic 
hydroxyl groups results in a decrease, but not a complete loss, in potency; but 
peculiarly, ■when this procedure is applied to tyramine, an inhibitor is transformed 
into a stimulator. A schematic representation of the structural modifications 
discussed above Ls shown in figure 2. 

A considerable number of other related compounds remmn to be evaluated be- 
fore it can be determined to what extent the potency is altered by modifications in 
structure. This we are confident of accomplishing, since we have at hand, in the 
remarkable secretion-stimulating property of these materials, a biological test 
which is most reliable. At present the following requirements have been es- 
tablished: 
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(1) An hydroxyl group on the ring in the S-position to the sidechain; two such 
groups in the S,4-positions increase the potency markedly. 

(2) An unsubstituted carbon atom in the a-position to the ring. 

(3) A primary or secondary amino nitrogen on the side chain. 



The epinephrine equivalents listed in table 1 represent the results obtained on 
a series of several dogs for each compound. In most cases thej" are at vanance 
with those recorded in the literature. 

SUilSIARY 

A series of 27 sympathomimetic amines has been tested for their effect on 
pancreatic secretion. Twenty-one of these compounds inhibited the secretion 
evoked by continuous secretin stimulation. The mechanism whereby this took 
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place is probably on a vasoconstrictor basis. Seven of the compounds stimulated 
pancreatic secretion; these nrcrc all etraclurally similar to the extent of bydroxy- 
lation of the ben2enc ring in specific positions, an unsubstituted carbon atom in 
justaposition to the ring, and a primary or secondary ammo nitrogen. Methyla- 
lion of the hyd^o^^'l groups lea\'es the secretory potency attenuated but not 
abolished. Hie type of stimulation evidenced by these compounds differs from 
secretin stimulation. 
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Tlierapeutic doses of morphine administered subcutaneously to man and 
animals have been found to produce no signiBcant cardiovascular changes except 
bradycardia (8, 10). Conflicting reports regarding the circulatory adjustments 
in response to intravenous thiobarbiturates such as pentothal sodium in normal 
animals and man appear in the literature (4, 6, 7). However, it is generally 
agreed that pentothal sodium reduces the blood pressure in arterial hypertension. 
The investigation herein reported was undertaken to secure further experimental 
data on the hemodynamic effects of morphine sulphate and pentothal sodium 
pven intravenously to normal man. 

Mbtboos. Volunteer normal convaleacent patients from the Third (N. Y, V.) Medical 
Diviflion of Bellevue Hospital were studied at least two hours post prandial after 30 to 60 
minutes of bed rest. Morphine sulphate (0.01 gm. ic 5 cc. normal saline) was injeeted 
rapidly into the cubital vein following control observations in six subjects. Pentothal 
sodium (5 per cent aqueous solution) was given intravenously on three occasions to un« 
premcdicatcd subjects (0.5 gm. in 53 sec., 1.0 gm. in 65 sec., 1.0 gm. in 30 see.). 

Cardiac output was determined by the baUistocardiographic method, using the area 
equation of Starr el al. (9). The ballistocardiograpb used in this work was developed by 
Dr. Dugald Brown and has been described elsewhere (2). The values obtained have been 
corrected by a factor derived from the work of Coumand and Ranges (S) where a constant 
discrepancy between cardiac output os determined by the direct Pick method and the 
ballistocardiograpb was demonstrated. The Hamilton optical manometer was used to 
measure arterial pressure directly, mean pressure being determined by planimetric integra' 
tion of the area under the pulse pressure curve (5). The bracbial artery was the take-up 
point for arterial pressure when pentothal sodium was used, while the radial was employed 
during the morphine studies. Using the formula derived from Frank's air-chamber theory 
of hemodynamics (see Aperia (1) for derivation), peripheral vascular resistance was calcu- 
/ Pn X 1332 

fated in absolute units, dynes cm.“* sec. ( R where R is peripheral resistance, 

\ C.O. 

Pm mean pressure and c.o. cardiac output per second.^ 

Results. J. Morphine. When morphine sulphate was given intravenously, 
the patients always became drowsy and occasionally fell asleep. This sedative 
action appeared approximately 10 minutes after injection and by 20 minutes 
had pa.«sed its peak. The only subjective effect was transient head pain which 
appeared immediately after administration. 

Study of tabic 1 reveals no essential change in cardiac output immediately 

* Commonwealth Fund Fellow. 
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(within li minutes) after giving the drug except in one case where a rise in 
cardiac output of 20 per cent was obser%^ed. There were no delayed effects on 
the cardiac output in five of the six cases, but one showed an increase of 20 per 
cent. The change in pulse rate was insignificant. Two of the four subjects 
upon w'hom blood pressure measurements were made showed little change in 
sj'stolic, diastolic or mean arterial pressures. There w'as a rise in all pressures 
immediately after injection of the drug in one case and in one other there was a 
delayed rise in blood pressure. Associated with these changes in blood pressure 
were parallel changes in peripheral resistance. The changes in peripheral 
resistance ranged from —18 per cent to +28 per cent; it rose in two subjects 
and fell in two others. 

II. Sodium pentothal. Following the administration of pentothal sodium, 
there was immediate loss of consciousness in all instances. One subject (V.) 
remained in light surgical anesthesia (first plane) for four minutes after 0.5 gm. 
of pentothal sodium was injected over a period of 53 seconds. The second sub- 
ject was given 1.0 gm. more slowly (65 seconds) and after 1^ minutes was anes- 
thetized to second plane surgical anesthesia for a period of 9 minutes. The 
third subject was anesthetized profoundly to respiratory arrest almost immedi- 
ately after the injection of 1.0 gm. of the drug in 30 seconds. From a hemody- 
namic standpoint the first two subjects may be considered together and the last 
described separately. 

The output of the heart remained unchanged throughout the period of obser- 
vation in the first two cases. The stroke volume showed a tendency to decrease, 
with a compensatoi^’' increase in pulse rate, while the blood pressure fell. The 
change in peripheral resistance was not significant The changes in these two 
normal subjects (An. and V.) are summarized in table 1. 

The third subject exhibited marked clinical and circulatory changes. There 
was immediate respiratorj* arrest lasting almost 2 minutes, followed by 30 
minutes of deep third plane anesthesia complicated by asphyxia and excessive 
secretion of mucus. IVitliin 20 seconds of administration of the drug, there was 
a marked elevation of peripheral resistance accompanied bj-- a parallel increase in 
sj'stolic, diastolic and mean pressures. At this time there was no significant 
change in cardiac output. It is interesting to note that a relative bradycardia 
occurred onh' during the first 10 seconds after the injection of the drug. At 50 
seconds the blood pressure fell, the systolic pressure falling below control values 
and the diastolic and mean pressures to the control level. Two minutes after the 
drug was given asphyxia supen’ened, with increased cardiac output attributable 
to tachj'cardia rather than increase in stroke volume, and this was followed 
shortly by hjiiertension. There was also a reduction in peripheral resistance. 
At 4 and 7 minutes a marked pulsus alternans appeared on the arteriogram and 
ballistocardiogram. Obsen-ations were not carried beyond 10 minutes. These 
asphjTdal effects were so severe that repetition of this injection (1.0 gm. in 30 
cQConds) was deemed unsafe. 

Discussion. iMorphine has been shown to exert its usual clinical effects wlien 



TABLE 1 

Id the following table each contfo! datum rcpfeaent* an average of two or more ob- 
Bcrvatiora. The average of two to 6ve obacnratjooa made during the first 90 eecoads 
following the administration of the drug waa used for the figures listed under immediate 
eflects. The data included under delayed effects represent the average of 3 to 10 obscrva» 
tions made after 90 seconds over a period of 10 to CO minutes. 
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given intravenously, without producing any consistent circulatory change 
The hemodynamic changes following morphine were unpredictable in directioi 
and, even though significant, were not of considerable magnitude. The use o 
the drug intravenously in therapeutic doses, has been found to be safe during 
the course of this study. 

Light surgical anesthesia produced by the intravenous administration of pen 
tothal sodium (5 per cent) seemed to have little effect upon the circulation ol 
normal man. However, the dose and rate of injection required for light anes- 
thesia were difficult to predict on any given occasion. The rate of injection oi 
the drug is of great importance in determining its effects. Large doses and rapid 
rates of administration have been used in all cases. It must be emphasized, 
however, that as much as 1.0 gm. of the drug given in one minute has no essential 
hemodynamic effect, whereas the same dose given twice as fast, as suggested foi 
clinical use by Guedel, may have pronounced circulatory effects (3). 

The response to the rapid administration of a large dose discloses a biphasic 
action which is frequently seen in the effects of drugs on the central nervous sys- 
tem. The initial bradycardia and the rapid rise in peripheral resistance and 
blood pressure were possibly the result of excitation of the vasomotor center. 
AH these effects occurred in less than 30 seconds and were immediately followed 
by complete reversal, i.e.,by a decrease in blood pressure and peripheral resist- 
ance, with no significant change in cardiac output. This is possibly attribut- 
able to peripheral vasodilatation. The picture after the first two minutes was 
complicated by asphyxia, as evidenced by cyanosis. At this time there was a 
rise in blood pressure despite the decrease in peripheral resistance and the pulse 
rate and cardiac output rose rapidly. 

SUMALARY 

1. Circulatory studies of the effect of morphine and pentothal sodium given 
intravenously in normal man are described. 

2. Morphine intravenously in therapeutic doses (10 mgm.) has no significantly 
consistent effect on the cardiovascular system (stroke volume, heart rate, blood 
pressure and peripheral resistance). 

3. Pentothal sodium intravenously, in doses of 0.5 gm. given in 53 seconds and 
1.0 gm. in 65 seconds, has little circulatory effect in normal man. In a single 
instance, a dose of 1.0 gm. given intravenously over a period of 30 seconds pro- 
duced transient respiratory arrest. Marked vasoconstriction and bradycardia 
occurred at first, followed rapidly by vasodilatation, with no significant change 
in cardiac output before asphyxial changes supervened. 
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Soon after the introduction of arsphenamine by Ehrlich as a chemothera- 
peutic agent in the treatment of syphilis, it was realized that the drug was too 
toxic to make possible the cure of the disease tvith one large dose, and it became 
necessary to give repeated small doses over a long period of time to give satis- 
factory clinical results. Subsequently, it was found that better results were 
obtained when mercury was administered as an adjunct to the arsphenamme. 
After the introduction of bismuth by Levaditi and his associates in 1921, its 
superiority to mercury as an adjunct to the arsenical drugs soon became recog- 
nized, and it has all but eliminated the use of mercury in the present day treat: 
ment of syphilis. 

Numerous studies have appeared to prove decisively that the results of treat- 
ment, expressed especially in terms of ultimate clinical outcome, are better if 
arsenical and bismuth compounds are both employed than if an arsenical com- 
pound is used alone. However, with the exception of a preliminary report from 
this laboratory (1), there is a definite lack of information concerning the quanti- 
tative nature of the coaction of bismuth and arsenical compounds in the therapy 
of syphilis, i.e., whether or not they are additive, potentiative or inhibitive. 
Pharmacologicalljq this information is of theoretical interest as well as of prac- 
tical importance. The explanation for this lack of information is due to the 
relative difficulty of determining minimal curative and maximal tolerated doses 
of the drugs in human beings. Such data are necessarj’’ if one is to study thera-, 
peutic and toxic coaction of drugs in a quantitative way. The present report 
deals with the experimental investigation of this problem in the rabbit. 

Methods. Compounds employed. Mapharsen and neoarsphenamine were the arsenical 
compounds chosen because we had accumulated considerable data previously which became 
of value in the preliminary experiments. After the investigation was well under way we 
found that neoarsphenamine, when given in combination, did not give the sharp and con- 
sistent results obtained with mapharsen. Consequently, it was decided to use the latter 
as the arsenical drug for the remainder of the combination therapeutic studies. Our pre- 
liminary report (1) was on the combination of mapharsen and neoarsphenamine, respec- 
tively, with bismuth sodium tartrate. The question arose whether other bismut 
compounds behaved as did bismuth sodium tartrate when given in combination mt 
mapharsen. Instead of testing all of the many bismuth compounds used in the therapy o 
syphilis, it seemed justifiable to select representative types differing in solubility and ra cs 
of absorption from intramuscular depots. A comparative studj' of various 
compounds (2, 3, 4) gave the necessary preliminary information of importance for e 
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Belection of these types. The follovring three compounds were selected:' thiobismol, a 
water-soluble preparation, verj' rapidly absorbed; bismuth sodium tartrate, a water-soluble 
preparation, quite readily absorbed, and bismuth ethyl camphorate, an oil-soluble prepara- 
tion, rather slowly absorbed. 

Combination therapi/ of robbtl oi/pfiilio. Healthy male rabbits weighing approximately 
2 kilograms were inoculated with the 'Nichols' strain of TTtponcma pallidum. This strain 
has been maintained in our laboratory since 1923 by passage through rabbits at intervals 
of six to eight weeks. The inoculations were made into the testes using an inoculum pre- 
pared in the usual manner from fresh chancre material from an infected rabbit and of such 
concentration that 0.5 cc. of this suspension when injected caused lesions to appear in 5 to 
6 weeks. Blood Wassermann tests were made at the Wisconsin Psychiatric Institute, under 
the direction of Dr. W. F. Lorenz, using a test especially adapted to the serological reac- 
tions of the rabbit. In all of our therapeutic experiments the following procedure was 
employed. Only rabbits ndth typical lesions were chosen on the sixth to eighth week after 
being infected. In order to determine the nuoimal curative dose of a compound, rabbits 
were treated with three weekly injections of each compound. The minimal curative dose 
{M.C.D.) was that dose which when given three times at weekly intervals cured 60 per cent 


TABLE 1 

SwTTzrworj/ of the minimal curative dotes in roWiI syphilis of the carious compounds employed 


coMPoraa 

inMiKAx.ctnLiTivx nose 

tocTz or ADunns- 
tXATlOK 

Mapbarsen 

WJ" /kft. 

1.0 

1 mtm. Bi/kf"* 

Intravenous 

Neoarsphenamino. . . ... . 

10 0 


Intravenous 

Bismuth sodium tartrate . . 


1.0 

Intramuscular 

Bismuth ethyl camphorate.. . .. 


2.0 

Intramuscular 

Thiobismol .... ... 


1.5 

Intramuscular 


* All doses of bismuth preparations, both toxic and therapeutic, referred to hereafter, 
were calculated on the basis of milligrams of bismuth os the metal per kilogram of body 
weight and will be expressed as mgm. Bi/kgm. 


of the animals. As a criterion of cure , popliteal lymph nodes from each treated animal were 
transferred, three weeks after the lost treatment, into the testes of each of two recipient 
animals. Only rabbits with negative Wassermann reactions were used, and these were then 
observed for at least 8 to 12 weeks for the development of lesions or positive serology. 

From previous studies we had data available on the hf.C.D. of mapbarsen, neoarspben- 
nminc, bismuth sodium tartrate, bismuth ethyl camphorate, and thiobismol (table 1). 
The M.C.D. for each compound was rccheckcd before tKs study was undertaken. 

The method employed for determining the nature of the coaction of bismuth and arsenical 
compounds was to treat infected ammals at the usual time with combinations of the frac- 
tional portions of the M.C.D- of one or the other of each type of compound. The fractions 
of the M.C.D. of each drug were pven three tiroes at intervals of one week. The bismuth 
preparation employed was given intramuscularly the first part of the week and the arsenical 
drug was given intravenously two to four days later. From preliminarj* studies, better 
coaction seemed to occur if the arsenical was given a few days after the admimstration of the 
bismuth preparation, thus permitting sufTicient time for the bismuth to reach its maximum 


' Wc wish to thank Parke, Davis & Company for the mapbarsen and thiobismol, G. D. 
Searle & Company for the bismuth sodium tartrate, and The Upjohn Company for the 
bismuth ethyl camphorate used in this work. 
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of absorption and thereby allowing the two compounds to act together at their peak of 
concentration in the body. It was found that better therapeutic results were obtained 
' when the arsenical drug was given two days after the administration of the more rapidly 
absorbed thiobismol and three to four days after the more slowly absorbed tartrate and 
camphorate preparations. 

Certain terms have been used to describe the various ways in which drugs may act in 
combination. It will perhaps be appropriate here to define these terms. When the action 
of two drugs administered at the same time is equal to the sum of their individual effects, 
the response is termed simple addition. For example, if 25, 50 or 75 per cent of the M.C.D. 
of an arsenical be given with 75, 50 or 25 per cent, respectively, of the M.C.D. of a bismuth 
preparation and cure is obtained with each combination, simple addition has occurred. We 


TABLE 2 

Summary of combination therapy with mapharsen and bismuth sodium tartrate 
(intramuscularly) 


PEICENTACE OF THE 
M.C J). or BISlfUTH 
SODIUM TAITHATE 

FEFCENTACE OP THE 
M.CJ). OP MAPHA&SEH 

TOTAt KUUBES OP 
AinUAIS'USED 

KUMBEK OP AXIUALS 
CUBED 

KUUBEB OP AKOLOS 
KOT CUBED 

25 

50 

3 

0 

3 

50 

25 

4 

2 

2 

50 

50 

3 

3 

0 

25 

75 

4 

4 

0 

75 

25 

4 

4 

0 


TABLE 3 


Summary of combination therapy with neoarsphenamine and bismuth sodium 
tartrate (intramuscularly) 


PZBCENTAGE OP THE 
U.C.D. OP BISMUTH 
SODIUM TABTBATE 

PEBCENTAGE OF THE 
K.CJI. OP NEO- 
ABSFHENAMZKE 

TOTAL HUMBEB OP 
ANIMALS USED 

KUMBEB OP ANIMALS 
CUBED 

KUMBEB OP ANIMALS 
NOT CUBED 

25 

25 

4 

0 

4 

25 

50 

5 

2 

3 

50 

25 

2 

1 

1 

50 

50 

7 

2 

5 

25 

75 

4 

4 


75 

25 

4 

1 

3 


can then say that these compounds are therapeutically additive. If the effects should be 
less than the sum of their individual effects, i.e., if the above combinations of fractions fail 
to cure, the response will be termed antagonism or inhibition. On the contrary, if fractions 
of pach drug totaling less than 100 per cent of the M.C.D. of both drugs be used, e.g., 25 
per cent of the M.C.D. of a bismuth compound and 50 per cent of the M.C.D. of an arsenical, 
and cure be obtained, the effects are greater than the sum of their individual effects and the 
response will be termed potentiation. It is with this interpretation of terminology that we 
shall present the results of our combination therapeutic studies. 

Ther-Apeutic Results. By using combinations of the fractions of the 
M.C.D. of an arsenical drug with fractions of the M.C.D. of "a bismuth prepara- 
tion, we were able to determine the quantitative nature of the combined thera- 
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TABLE 6 


Nummary cf ccmbinniion therapy wth mapharsen end thiobittnol (tnfraniMcvIariy) 


mecKTACE or rsx 
K£j}. or XBioauMOi. 

mcmtACtotm 

H C.O. or KAPBASSCK 

TOIAt MtnOCB or 
AKCKAUOnO 

truuntt or akduu 

CPttD 

swan or Airouu 
vot com 

25 

50 

2 

0 

2 

SO ! 

25 

2 

2 i 

0 

so 

60 

4 

3 

1 

25 

75 

3 

S 

0 

75 

25 

6 

1 

6 


With combinations of neoarsphenamineand bismuth sodium tartrate (table 3), 
the results are not as unifonn as with mapharsen but, nevertheless, the coactions 
of these two compounds also are quite obviously of an additive nature. The 
inconstancy of the results with neoarsphcnaminc was not unexpected. We 
cannot attribute this to differences in lots of the drug since the same was used 
throughout this as well as the preliminary study.* Because of the inconsistent 
results obtained n-ith neoarsphenamine in this type of study, we decided to 
abandon its use in further studies, as mentioned above, and to use only maphar- 
Bcn as the arsenical drug. 

Tables 4 and 5 represent the results obtained when raaphareen was combined 

» We have found from previous ciqjerience that the detenninatioo of the M.C.D. or of ain- 
glo mimmal curative doses of the same lot, or different lots, of neoarsphenamine varies 
considerably over given periods of time. UoUke neoarsphenaraine, mapharsen Is constant 
in this respect. 
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with bismuth ethyl camphorate and thiobismol, respectively. From these data 
the evidence is quite conclusive that the coaction between either of these two 
bismuth compounds and mapharsen is also simple addition. ' 

Upon careful examination of the different combinations of doses in tables 2, 
3, 4 and 5, it is quite manifest that a certain combination of fractions of the 
M.C.D. of each type of compound seems to produce better addition than others. 
We refer particularly to the combination of 25 per cent of the M.C.D. of any of 
the bismuth preparations with 75 per cent of the M.C.D. of the arsenical. In 
the case of each combination at these dosages, all of the animals were cured, 
while with the reverse combination of fractions, i.e., 75 per cent of the M.C.D. 
of a bismuth preparation with 25 per cent of the M.C.D. of an arsenical, the 
addition was not so complete in all instances, -ivith the exception of the combina- 
tion of mapharsen and bismuth sodium tartrate in which 100 per cent of the 
animals were cured. This finding w'e are unable to explain. In general, how- 
ever, in most of the combinations totaling 100 per cent of the M.C.D. of both 
types of compounds, over 66 per cent of the animals treated were cured. There-- 

TABLE 6 


Summary of combination therapy with mapharsen and bismuth sodium tartrate 

(intravenously) 


F£ItC£KTAG£ OF THE 
U.C.D. OF BISUOTE 
SODltm TASTSATE 

PESCENTACE OP THE 
U.C.D. OP UAFHARSEK 

TOTAL NUUBES OF 
AMUiALS USED 

NUMBER OF ANIMALS 
CURED 

NUMBER OF ANIMALS 
NOT CURED 

25 

60 

3 

3 

0 

SO 

25 

1 


1 

50 


3 

3 

0, 

25 

75 

2 

2 

0 

75 

25 

2 

1 

1 


lore, it seems justifiable to conclude from the evidence presented that, thera- 
peutically in rabbit syphilis, the quantitative nature of the coaction of bismuth 
and arsenical drugs is that of simple addition. 

We had considerable data available on the treatment of rabbit syphilis with 
bismuth compounds administered intravenously; consequently, it seemed of 
interest to ascertain whether or not mapharsen combined \vith bismuth would 
be additive when both were administered by this route. Bismuth sodium tar- 
trate was chosen as the bismuth preparation. The M.C.D. for this drug when 
given intravenously was found to be 1.5 mgm. per kgm. (3). The same combi- 
nation of fractions of the M.C.D. of bismuth sodium tartrate and of mapharsen 
were used in this experiment as were used in the previous experiments. Results 
were essentially the same as those obtained when bismuth sodium tartrate was 
given intramuscularly (table 6). 

Combination Toxicity in Rabbits. In the evaluation of any drug or drugs 
to be emplo5Td in chemotherapy, our main objective should be to obtain as hide 
a margin of safety as possible. This holds for drugs given in combination as 
well as for those given alone. Because of the paucity of specific information on 
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the combination toxicity of these two types of compounds, it •R-as necessary to 
include in tliis study a determination of this point in order to establish a basis 
for their margins of safety. We were intert^ted primarily in the question of 
whether or not the combined toxicity x’t’as more or less than the summation of the 
respective maximal tolerated doses of each compound. If the cotoxicity’ wa^s 
found to be less than additive, i.e., if more than 50 per cent of the maximal 
tolerated dose of each compound could be given, a greater margin of 

safety would be available than if either compound were giv'cn alone up to its 
maximum of tolerance. On the contrao% if the cotoxicity was found to be 
more than additive, i.e., if less than 50 per cent of the of each compound 

could be tolerated, there would be a decrease in the margin of safety. The mar- 
gin of safety would then be less than if either compound were given alone up to 
its maximum of tolerance. 

Healthy rabbits of about 2 kgm. body weight were used in this stud}'. They 
were kept under uniform housing conditions and fed on a diet of alfalfa and oats. 
Combinatioas of doses from 50 to 100 per cent of tlic rcspectiv'c M.T.D.m of an 

TABLE 7 


Summary of the maximal tolerated doses in rabbits of the various compounds employed 


COWOWB 1 

luxuAi soLmns z>9ss 

sovrs orAcwcRj. 
TMIIOX 

Mapharsen .... 

«>l«t (itm 

10 


Intravenous 

Ncoarsphenamine ... 

150 


Intravenous 

BUmutli sodium tartrate 


60 

Intramuscular 

Bismuth sodium tartrate 


4 

Intravenous 

Bismuth ethyl camphorate . . . 


40 

Intramuscular 

Thiobismol. ... 


2 

Intramuscular 


arsenical drug with the various types of bismuth preparations w'cre cmplo}'ed. 
The same compounds were used in the toxicity as in the therapeutic studies. 
The single M.T.D. of each compound is listed in table 7. The dose at which CC 
per cent of the animals survived was chosen as the M.T.D.m. 

In the preliminary toxicity study of each combination of dru^, the bismuth 
compound was given first, follow'cd by tlie arsenical either on the same day or 
one, tw'o or three days later. The purpose of administering the arsenical drug 
at various inten*als after the bismuth prepamtioos was to allow ample time for 
the bismuth compounds to attain their peak concentration in the susceptible 
tissues, in order that the two types of drugs be permitted to act when they were 
both at their peak concentrations. How-cver, in these prclirainarj' experiments, 
it did not seem to make any difference in the combined JVI.T.D.m when the arsen- 
ical w’aa given. As a matter of convenience, therefore, they were injected at the 
same treatment period in the cotoxicity e.xperimcnLs. 1716 doses at which 66 
pcr\jcnt of the animals survived was chosen as the combined M.T.D.m. 

* For brevity, we shall use the term "cotoxicity" to mean combination toxicity of bis- 
muth and arsenical compounds administered concurrently. 
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CoTOXiciTY Results. Witli combinations of mapharsen and neoarapben- 
amine, respectively, with bismuth sodium tartrate (tables 8, 9, 10), combina- 

TABLE 8 ' 


Summary of combinalion toxicity with mapharsen and bismuth sodium tartrate 
(intramuscularly) 


PEKCENTACE OF THE 
It.T.D. OP UAPHAESEH 

PESCENTACE OP THE 
H.T.D. OP SISHUTB 

1 SOOItm TAETSATE 

j j 

TOTAL KTOIBEE OP ' 
A^mCALS OSED 

! 

NUkIBEK OP AimtAIS 
LIVED 

mnCBEE OP ANIMALS 
DIED 

60 

60 

3 

2 

1 

60 

70 

3 

3 

0 

70 

60 

3 * 

2 

1 

70 

70 

3 

2 

1 

60 

80 

3 

1 

2 

80 

60 

3 

1 

2 

70 

80 

3 

0 

3 

80 

70 

3 

0 

3 

80 

80 

3 

1 0 

i 3 

80 

90 

1 

0 

1 

90 

80 

2 

1 

1 


TABLE 9 

Summary of combination toxicity with mapharsen and bismuth sodium tartrate 

(intravenously) 


PEECEKTACE 07 THE 
U.t.D. or UAPSAESEK 

peecentage op the 
tf .TJ). or BISMUTH 
SODIUM TA2TKATE 

TOTAL NUUBES OP 
AKIUALS USED 

NUUHEX OF ANtUALS | 
LIVED 

KUUBEE OP ANmAlS 
DIED 

so 

50 

2 

2 

0 

60 

60 

2 

1 

1 

70 

70 

5 

3 

2 

80 

80 

2 

0 

i 2 


TABLE 10 


Summary of combination toxicity with neoarsphenamine and bismuth sodium tartrate 

(intramuscularly) 


PEECENTACE op THE 
M.TJ>. OP NEO- 

aesphenauike 

1 

PEBCENTAGE OP THE : 
U.T.D. OP BISMUTH 
SODIUM TABTBATE 

TOTAL KUUBES OP 1 
ANIMALS USED 

KUUBEB OP ANIMALS 
LIVED 

numbeb op animals 
DIED 

67 

67 

5 

6 

0 

70 1 

80 

4 

2 

2 


70 

3 

1 

2 

75 

75 

3 

i 0 

3 

so { 

80 

3 

0 

3 

80 

90 

2 

0 

2 


tions up to 70 per cent of the M.T.D.e5 of each compound were tolerated. Wtere 
one reckons the M.T.D.m of bismuth sodium tartrate by each route of admin- 
istration, it seems to make no difference whether it be given intramuscularly or 
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mtrave&ously (tables 8 and 9). We conclude, therefore, that the combination 
toxicity of these drugs is less tlian additive. 

With mapharsen and thiobismol (table 11), the combined toxicity vras 
what more than with the tartrate, bn* : ■,*» i !* . • ?■." ■, . 

t ■ r: ■■■ '■ .* ■ ij,,/,. : uiui vay uubcuJtto 

( ■ j !' i*loue, and the irregularity in the cotoxicity data rrith 

mapharsen and thiobismol is probably due to this characteristic of the latter 
drug. 


TABLE 11 


Summary of com5tno^wrt (axicily vnlh mapharttn and Mw4t«mof (inlramwcutarly) 


mcWACt or nt \ 

U.TA.CrlUTeAlSKM 1 

rexcertACs or srt 1 
v.rj>. or TBiosUKot. j 

TOTAttRnanor 
AimUM PiO 

Monn oturouis 

IXWt 1 

innau otahouis 
t>no 

70 I 

70 

8 

4 

4 

75 1 

75 1 

5 

2 

3 

SO j 

70 1 

3 

2 

1 

70 1 

80 

3 

0 

3 


TABLE 12 


mescAci or IS 
u Tit, or UArsArsDi 

1 ttuxtnAGt or 
: or BiorcTB cnm. 

CAKFSOtAIK 

mAimnotnor | 
AVOUJLS vsn» j 

yrmtfn or axikau 
urvxD 

Knetu or Amiuu 
too 

70 

70 



0 

70 

80 



1 

ED 

70 



0 

80 

80 



0 

80 

90 



1 

90 ; 

80 



0 

90 

00 

2 1 

2 

0 

100 j 

100 1 

I ^ 1 

0 

3 


"When mapharsen and bismuth ethyl camphoratc were combined (table 12), 
combinations up to 90 per cent of the of each compound were tolerated. 

Employing combinations from 70 to 90 per cent of the of each com- 

pound, only 2 out of 16 animals died. The additive effect was much less with the 
camphoratc and mapharsen than with the other two bismuth compounds and 
mapharsen. Apparently the more slowly a bismuth compound is absorbed the 
less additive is its toxicity when combined with on orsemcal drug. 

Discussion. In all of the combination therapeutic experiments a total of 94 
syphilitic rabbits were treated, and in the combination toxicity experiments a 
total of 101 rabbits were employed, Mapharsen seemed to give better thera- 
peutic coaction with bismuth than ncoarsphenamine, but this does not appear of 
special comparative significance in the dose ranges which were used. M for the 


















332 N. M. CLAUSEN, B. J. LONGLEY AND A. L. TATUM 

efficacy of the various bismuth compounds when therapeutically combined with 
an arsenical, all seemed to be similar in their quantitative nature of cOaction, 
i.e.; all were additive. This fact is added evidence to our previous concept 
(2, 3) that all bismuth compounds act in a similar manner on spirochetes. 

In general, the nature of the cotoxicity of bismuth and arsenical compounds 
is less than additive. As regards the comparison of the cotoxicities of the vari- 
ous bismuth compounds with mapharsen, it seems quite evident that the cotox- 
icity of mapharsen with a more slowly absorbed bismuth compound is much less 
additive than with a more rapidly absorbed bismuth preparation. 

It has not been feasible to express the therapeutic efficiency of the combina- 
tion of bismuth and arsenical compounds in the treatment of experimental rabbit 
syphilis in terms of a therapeutic index. We have been unable to conform to the 
laws which govern the calculation of this index because of our inability to express 
. the therapeutic coaction and cotoxicity of the two tj'pes of drugs in terms of 
minimal curative and maximal tolerated doses, respectively. Thus, from the 
data presented, our only interpretation is that the therapeutic coaction of 
'■/ arsenical and bismuth compounds is that of simple addition, but that their 
•' cotoxicity is less than additive. In other words, there appears to be a greater 
margin of safety when bismuth and arsenical compounds are combined in the 
therapy of syphilis than when either is used alone in correspondingly effective 
doses. The combination of mapharsen with a slowly absorbed bismuth prepa- 
ration seems to give the widest margin of safety, since more of each drug can be 
administered together than if a more rapidly absorbed type of bismuth prepa- 
ration were used. 

On the basis of the premises presented herein, it would seem entirely justifiable 
to propose the administration of relatively large doses of bismuth concurrently 
with large doses of the arsenical within a period of a few days, thus modifying the 
technique advocated by Hyman, Chargin and Leifer (5). By the use of bismuth 
a corresponding reduction of the arsenical drug should be adequate, and such a 
reduction might very notably reduce the hazards of “massive dose” therapy due 
to the arsenical drug. 


SUMMARY AND CONCLUSIONS 

By using combinations of fractions of the minimum curative dose (M.C.D.) 
of an arsenical drug with fractions of the M.C.D. of a bismuth preparation, we 
were able to determine the quantitative nature of the combined therapeutic 
action of these two types of compounds. It was found that it was one of simple 
addition rather than potentiation or inhibition. 

Therapeutic addition occurs between the compounds whether the bismuth be 
given intramuscularly or intravenously. 

All of the bismuth preparations employed in this study, namely bisrnuth 
sodium tartrate, thiobismol and bismuth ethyl camphorate, when combined 
with mapharsen, were similar in their quantitative nature of therapeutic coac- 
tion, i.e., all w'ere additive. 

The cotoxicity of bismuth and arsenical compounds was found to be less than 
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additive. It appears that the cotoxicity of an arsenical wth a more ’slowly 
absorbed bismuth compound is much less additive than wth a preparation more 
rapidly absorbed. 

Since the therapeutic coactions of bismuth and amenical compounds are 
completely additive while their cotoxicities are less than additive, there results a 
greater margin of safety when they arc used concurrently than when either is 
used alone in correspondingly effective doses. The significance of this finding 
is discussed. 
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Papaverine is an alkaloid (bcnzylisoquinoline) derivative of opium of low 
toxicity and non-habit forming (1). Macht (2) found that a weak solution 
(0.001 per cent) slowed the rate and caused more powerful contractions of the 
excised perfused frog’s heart; in stronger solutions (0.1 per cent) it had no stimu- 
lating action but led to a greater slowing and a dilatation of the heart; and in 
still stronger solutions it occasioned further brad 3 -eardia, led to heart block and 
diastolic standstill. Similar effects were also obscived in the cat’s heart. A 
decrease in heart size followed 5 mgm. doses in the dog and cat, but larger doses 
(7.5 mgm.) caused cardiac dilatation. These actions appeared to be directly 
on the heart, not mediated hy its extrinsic nerves. Hanzlik (3) found a prompt 
decrease in size of the frog and turtle heart associated with slowing and decreased 
contraction when the drug was used in low and medium concentrations. Com- 
plete heart standstill occurred with lughcr concentrations. Hale (4), on the 
other hand, observed an increase in cardiac rate and output with weak solutions. 
Snyder and Andrus (5) noted an abolition of tonus waves and an augmentation 
of the magnitude of contraction in the perfused turtle heart. Increased irri- 
tability loading to ventricular fibrillation in 52 per cent of the caseswas observed 
by Gruber and Robinson (C) in the turtle heart. Tlie fibrillation could be re- 
versed temporarily by quinidino or morphine. 

Wchave shown that papaverine hydrochloride is not only a powerful coronary 
vasodilator (7), but also that it decreases considerably the ease with which 
ventricular fibrillation is induced in the dog bj' faradic stimulation (8) . Further- 
more, in the presence of this drug, vigorous manual massage of the heart will 
restore orderly sjmergic beating to the fibrillating ventricles (8). The present 
study is concerned with a det.aUed examination of those effects of the drug which 
might throw light on its mode of action in ventricular fibrillation. The studies 
were directed at the effects on irritability to artificially induced auricular and 
ventricular stimuli, on auriculo-ventricular conductivitj’ and on the refractorj’ 
period of the ventricles. In addition, studies were made of the effect of the 
drug on the sinus rhythm, on the production of ectopic rhj'thms, and on con- 
ductivity in the various parts of the heart in anc.sthetized dogs. 

1. Effect os Sinus Rhythm .vnd the PnoDUcriox or Ectopic Rhythms 
AND He.\iit Block. All experiments were made on dogs anesthetized with 
nembutal (25 mgm. per kilo). Tlie observations were derived from lead 11 of 
the electrocardiogram. Papaverine was injected intravenouslj’ in cveiy case. 

* Aided by the A. D. Naat Fund for Cardiac Research and a grant from the Eli Lilly 
Company. 
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Four types of preparations were used: 

(a) Animals with open chest, artificial respiration and auricles fibrillated by faradio 
• current from a Harvard inductorium. In such experiments sinus rhythm changes could 

not be studied except when the auricles failed to respond to the faradic stimulation. Fur- 
thermore, no judgment could be made regarding the presenee of spontaneous auricular 
ectopic rhythms. 

(b) Animals as in (a) except that the auricles were driven at constant rate with a Lewis 
interrupter. In these experiments also sinus rhythm changes could not be studied. 

(c) Animals as in (a) except that the heart was beating naturally. 

(d) Animals with chest unopened, natural respiration and natural beating of the heart. 

The details of the method of making the first two groups of preparations are given below 

in sections 2 and 4 of this report. 

The results are summarized in table 1 which shows the frequency of the various 
^ ,.|Hrrhythmias in the different types of experiments. These are classified for con- 
venience according to dosage. However, as the footnote of the table shows, 
there is some scattering when the dosage is calculated according to body weight. 
By and large, the severity of the various disturbances in rhythm fell closer into 
line when the results were correlated according to mgm./K. dosage. 

The effect on the sinus rh3rthm was studied in those experiments in which 
the heart was beating naturally. Small doses of the drug often caused sinus 
acceleration which at times was marked (a rate of 250 beats per minute developed 
in one animal with a control rate of 100). With larger doses there were sinus 
slowing with sinus arrhythmia (with or without preliminary acceleration) and 
periods of sinus standstill of various lengths (some of which may have been 
actually the result of S-A block). The sinus standstills occurred more often 
and for longer periods as the dose of the drug was increased. During the sinus 
slowing and sinus standstill, nodal escapes or a nodal rhythm often appeared. 
In those experiments in which the auricles were stimulated faradically and the 
auricles failed to respond to the stimulation, the sinus rhythm which developed 
was also slower when larger doses of the drug were used. 

With larger doses also the nodal rhythm which developed when sinus standstill 
was present was often slow and irregular and complete cardiac standstill some- 
times ensued; this was one of the modes of death. 

No auricular premature beats nor paroxysmal tachycardial attacks were en- 
countered, but with larger doses, ventricular premature beats and paroxysmal 
ventricular tachycardia were frequent. The latter was at a rapid rate when it 
first appeared and often from multiple foci; later in the course of the experiment, 

' however, it became slower. Sometimes the paroxysmal tachycardia was regular, 
more often it was irregular especially when it arose from multiple foci. The 
paroxysmal tachycardia usually terminated in ventricular flutter and fibrillation- 
Sometimes the ventricular flutter and fibrillation were paroxysmal and minglea 
vdth periods of paroxysmal ventricular tachycardia. In other instances ven- 
tricular fibrillation alternated with ventricular or heart standstill. On a few 
occasions the ventricular fibrillation was terminal and the cause of death. The 
ventricular fibrillation which appeared was of a peculiar type resembling tha 
described by us (9) in dinhtheri.a poisoning. 
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In several of the experiments in which the ventricles were stimulated electri- 
cally to induce extra responses, the beat so induced was followed by one or more 
premature systoles (presumably due to rcentrj’). 'While this also occurred in 
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'EScci of papaverine on cardiac rhythm 
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* Sinus e»cap«<t Atatgoer (bsn nonniJ tat« nbm •ariclradid not foDow /arsajo current in Bexperiiaenta. 

** R«a(or«<l after 41 minulM bymanacebut beortwtbra in poor condition 

f Induced prematura ventricular atatole followed by one or tooro ventneular premature oitoles. (Tbia also o 
curred in control records.) 

i Aunclea did not foibw etimuiatlon, and nodal rhytfaiD occumd. 


I la cjperiment itroup A. 

Umpm of paparrriBe aae equivalent 
to 3.11^ B tnxm /K. 

93 nipm., ]I>IS npm./K. 

223 nent , 22 mtm /K. 

2S7 zDpJi) , 31 A-43 jnpm /K. 

StS mpm , M J inpta /K. 

la experiment group B* 

27 mgm., 3-2 S mun /K. 

63 mcm , B 6-12J ingm /K. 
tB7 mcCD , 0 4~J5 mgtnVK. 

3B0 racm , IB B mftnVK. 


la experiment croup C 
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$3$ lacTa , 3M1 S mem /K 

la experiment group O’ 
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63 Dca., 8 tofta.JK, 
)57 ttfoi , li'lS 7 tagm /K. 
S33 tapa , it-22 mcm /K. 
2S7 mcm., 33 mem /IC. 


control records before papaverine was gjven, it was of less frequent occurrence in 
the absence of the drug. 

Block was a common occurrence with the larger dosage of papaverine. It 
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consisted of intraventricular and A-V block. The former expressed itself in - 
widening of the QRS and bizarreness of the ventricular complex; the prolongation 
of QRS at times was very marked. This QRS widening affected the sinus beats, 
the nodal beats and the beats of ventricular origin. The A-V block which 
developed varied from prolongation of the P-R interval, with or without oc- 
casional dropped ventricular beats, to 2:1, 3:1, 4:1 partial A-V block or com- 
plete A-V block. In the latter event, the idioventricular rhythm which ap- 
peared was slow in rate, often irregular and from multiple foci of origin. Often, 
too, the QRS was markedly broadened showing intraventricular block. This 
, J marked QRS widening suggests that the block was, in part at least, located in 
P the terminal network of the conduction system since it appeared in beats orig- 
inally diagnosed as arising below the bifurcation of the common bundle. Some- 
times in the presence of complete A-V block, the ventricles failed to discharge 
and ventricular standstill, without auricular standstill, occurred. 

The ectopic rhythms of the ventricles and the occurrence of A-V and intra- 
ventricular block were more frequent in the naturally beating heart than in the 
one with auricles artificially driven. The chief difference appears to be the 
maintenance of rapid effective heart action in the latter. This suggests that 
the marked cardiac slowing which occurs in the naturally beating heart with 
larger doses of the drug contributes to the development of block and ectopic 
ventricular activity. In part, this may be due to the fact that at the slower 
supraventricular rate ectopic pacemakers are less apt to be kept discharged. In 
greater part it can be attributed to the presence of cardiac ischemia, such as 
would occur with slow heart action, which has a tendency to aggravate the 
ectopic stimulating and conduction depressant action of papaverine. 

The question arose as to whether these actions of papaverine were primarily 
on the heart or secondarj"^ to the drop in systemic blood pressure and the ac- 
companying reduced coronary blood flow. A correlation was therefore at- 
tempted between the time of appearance of the blood pressure drop and that of 
the various cardiac arrhythmias in 7 experiments, 1 with 27 mgm., 1 with 65 
mgm., 2 with 92 mgm., 1 with 157 mgm. and 2 with 325 mgm. of papaverine 
hydrochloride. It was found that in these experiments sinus slowing, sinus 
standstill, nodal rhythm, frequent ventricular premature systoles, varying de- 
grees of partial A-V block and intraventricular block appeared before a sig- 
nificant drop in blood pressure had occurred. Furthermore the drop in blood 
pressure seemed to be in part the result of the cardiac slowing since the blood 
pressure fall progressed as the ventricular rate slowed, the two interacting in a 
“vicious cycle.” In four experiments the drop in arterial pressure occurred 
simultaneously with a rise in venous pressure, confirming the opinion that the 
cardiac depression was at least in part responsible for the blood pressure drop. 

It would seem therefore that the action of papaverine in producing the arrhyth- 
mias, while aided by the blood pressure fall vith its resulting cardiac ischemia, 
was primarily the result of a direct action on the heart. 

This view was confirmed when the experiments were repeated on a “phjsi- 
ological heart-lung preparation.” In this preparation, the open-chested anes- 
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thetized animal with artificial respiration has the blood supply to the body cut 
off and the heart pumps blood only through the lungs and the coronary vessels. 
This is accomplished by tying off the thoracic aorta at its descending arch, the 
subclavian and innominate arteries as they arise from the aortic arch, the su- 
perior and inferior vena cavae and the azygos vein. In such a preparation, the 
drug action can operate directly on the heart, on the pulmonarj' vessels, or on 
the coronary vessels. Nervous influences, humoral influences and actions on the 
peripheral systemic blood vessels are eliminated. 

Four experiments were carried out with the “physiological heart-lung prepa- 
ration” using 2-1 mgm. of papaverine hydrochloride in 2 experiments and 27 mgm. 
in the other two. These doses of papaverine are large for this preparation since 
the mass of tissue is much less than in the intact animal. In one of the experi- 
ments with 27 mgm. of papaverine, the auricle was stimulated electrically at a 
constant rate. In this experiment, papaverine led to a prolongation of the P-R 
interval within 8 min., intraventricular block appeared at the same time and 
about 2 minutes later 2:1 A-V block developed. In the other c.\periment with 
27 mgm. of papaverine the heart was beating naturally. Papaverine led to a 
sinus slowing during the first 2 minutes, after which intermittent sinus standstill 
and nodal rhythm appeared. At the end of 3| minutes a paroxysmal ventricular 
tachycardia occurred which caused a significant fall in blood pressure and led, 
in another minute, to the development of the peculiar type of ventricular fibrilla- 
tion referred to above. In one of the two experiments with 24 mgm. of papave- 
rine a sinus sloTsing appeared during the first minute, after which a permanent 
sinus standstill wth a nodal rhythm developed; the rate of the latter was slightly 
below the previous sinus rate. The nodal rhythm continued to slow and the 
heart finally ceased to beat entirely. As the nodal rate slowed the blood pres- 
sure fell progressiv'ely. In the fourth experiment with 24 mgm. of papav'crine, 
the sinus rhythm slowed progressively and became irregular during the first 6 
minutes, first degree A-F block and intraventricular block appeared at the 
second minute and became progressively more marked. As the heart slowed the 
blood pressure dropped 30 ram. Hg during this first 6 minute interv’al. At the 
7th minute complete sinus standstill with a slow nodal rhythm appeared, the 
nodal rhythm then slowed progressively, the intraventricular block became more 
marked and at the 10th minute the peculiar tjTie of slow v'cntricular fibrillation 
superv'ened. 

It is therefore apparent that since the cardiac arrhythmias described in the 
intact animal were reproduced for the most part in the “phj’siological heart-lung 
preparation,” their occurrence is primarily the result of a direct action of pa- 
paverine on the heart. Slowing of the heart and the blood pressure drop con- 
tribute in the intact animal to the appearance of these arrhythmias but are not 
essential. 

2. Response of the Auricles to Far.vdic Stimuilation. A sy.stematic 
survey was made of the responsiveness of the auricles to sustained faradic current 
stimulation in a total of 16 experiments, 11 innerv’atcd and 5 denerv’ated. No 
difference in the results were seen between the innervated and the denervated 
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consisted of intraventricular and A~V block. The former expressed itself in 
wndening of the QRS and bizarreness of the ventricular complex; the prolongation 
of QRS at times was verj’- marked. This QRS wdening affected the sinus beats, 
the nodal beats and the beats of ventricular origin. The A-V block which 
developed varied from prolongation of the P-R interval, with or without oc- 
casional dropped ventricular beats, to 2:1, 3:1, 4:1 partial A-V block or com- 
plete A-V block. In the latter event, the idioventricular rhythm which ap- 
peared was slow in rate, often irregular and from multiple foci of origin. Often, 
too, the QRS was markedly broadened showing intraventricular block. This 
■ marked QRS widening suggests that the block was, in part at least, located in 
the terminal network of the conduction system since it appeared in beats orig- 
inally diagnosed as arising below the bifurcation of the common bundle. SomcT 
times in the presence of complete A-V block, the ventricles failed to discharge 
and ventricular standstill, without auricular standstill, occurred. 

The ectopic rhjrthms of the ventricles and the occurrence of A-V and intra- 
ventricular block were more frequent in the naturally beating heart than in the 
one with auricles artificially driven. The chief difference appears to be the 
maintenance of rapid effective heart action in the latter. This suggests that 
the marked cardiac slo\ving which occurs in the naturally beating heart with 
larger doses of the drug contributes to the development of block and ectopic 
ventricular activity. In part, this may be due to the fact that at the slower 
supraventricular rate ectopic pacemakers are less apt to be kept discharged. In 
greater part it can be attributed to the presence of cardiac ischemia, such as 
would occur mth slow heart action, which has a tendency to aggravate the 
ectopic stimulating and conduction depressant action of papaverine. 

The question arose as to whether these actions of papaverine were primarily 
on the heart or secondary to the drop in systemic blood pressure and the ac- 
companying reduced coronary blood flow. A correlation was therefore at- 
tempted between the time of appearance of the blood pressure drop and that of 
the various cardiac arrhythmias in 7 experiments, 1 with 27 mgm., 1 with 65 
mgm., 2 with 92 mgm., 1 rvith 157 mgm. and 2 with 325 mgm. of papaverine 
hydrochloride. It was found that in these experiments sinus slorving, smus 
standstill, nodal rhj'thm, frequent ventricular premature systoles, varying de- 
grees of partial A-V block and intraventricular block appeared before a sig- 
nificant drop in blood pressure had occurred. Furthermore the drop in blood 
pressure seemed to be in part the result of the cardiac slowing since the blood 
pressure fall progressed as the ventricular rate slowed, the two interacting m a 
“vicious cycle.” In four experiments the drop in arterial pressure occurred 
simultaneously with a rise in venous pressure, confirming the opinion that the 
cardiac depression was at least in part responsible for the blood pressure drop. 
It would seem therefore that the action of papaverine in producing the arrhyth- 
mias, while aided by the blood pressure fall with its resulting cardiac ischemia, 
was primarily the result of a direct action on the heart. , 

This view was confirmed when the experiments were repeated on a ' physi 
ologicai heart-lung preparation.” In this preparation, the open-chested anes 
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In 4 of the 5 experiments \iith 65 mgrn. of papaverine hydrochJoridc, A-V 
conductmty was practically unchanged, in the 5th partial and complete A-V 
block developed. In the 5 experiments with 92 mgm., one showed no sig- 
nificant change, one revealed some enhancement of A-V conductivity, two 
showed a temporary slight depression of A-V conductivity, and the 5th a definite 
depression leading to complete A-V block. The experiments wth larger doses, 
1 wath 222 mgm., 4 with 287 mgm., and 1 with 872 mgm., all showed partial 
and/or complete A-V block. No change in A-V conductivity was observed in 
the control experiment in which 5 cc. of HCI (pH = 3.3) was used. 

Thus while papaverine in small doses may on occasion augment A-V con- 
ductivity, it usually tends to depress A-V conductivity and in larger doses this 
may lead to complete A-V block. 

That this effect is a direct one on the heart was shown by the development 
of A-V block with papav’erine in the experiments on the “physiological heart- 
lung preparation*’ reported in section 1, as well as by the observations during 
the first 45 seconds after papaverine administration in the experiment on the 
“physiological heart-lung preparation” reported in section 2. In this last experi- 
ment, auricular fibrillation as a result of faradic stimulation continued for 45 
seconds after papaverine administration, and during this time the ventricular 
response was found to have slowed to 165 beats/min. from a value of 
210 beats/min. existing before the drug was given. There can thus be no doubt 
that the effect on A-V conductivity, at least its depression, is due to a direct 
action of papaverine on the heart. 

4. The Response of the Ventricles to Stlmuli Introduced at a Fixed 
Point in Diastole. Since our earlier experiments (8) suggested that papaverine 
rendered the ventricles unresponsive to faradic stimulation, we attempted to 
determine whether or not the drug would also make the ventricles unresponsive 
to single electrical shocks administered in a fixed part of diastole. 

For thia purpose aingic stimuli were introduced in the veatricles at a fixed point in 
diastole every fifth heart cycle and the ability of the ventricles to respond was noted at 
various intervals after drug administration. Dogs of 20 to 40 kilos n ere prepared os usual 
except that the auricles were driven at a constant rate throughout the experiment by 
electrical break shocks from a Lewis interrupter, applied by means of a pair of platinum 
hook electrodes fastened to the tip of the right auricle. The rate was set at about 50 beats 
faster than the natural heart rate in order to prevent the sinus node from taking over the 
control, since, ns stated earlier, papaverine tends to accelerate the sinus rate when given 
in small doses. Such a change in heart rate would invalidate the analysis since the ventric- 
ular stimuli would not occur at the same point of the heart cycle throughout the experi- 
ment. The ventncular stimuli were delivered by n second cam on the Lenis interrupter 
mounted on the rod carrying the auricular stimulating cam This was set so as to furnish 
a break shock every fifth auricular stimulus nl a fixed point in late diastole. The stimulal- 
ing platinum hook electrodes a ere fastened to the right ventricle away from the septum in 
a region devoid of blood vessels. The exposed surface of the heart was kept warm by a 
lamp and moist with lukewarm saline. The secondary coil connected to the A'cntricular 
electrodes was set just above the threshold necessary to give a response in the control period. 

The response to stimulation was determined by electrocardiographic recording and in 
each instance the fidelity of the technique was checked before the cx|»riraent was started. 
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hearts. The effect of the acidity of the papaverine hydrochloride was checked 
by using a 5 cc. solution of HCl (pH = 3.3) in one experiment as a control and 
the HCl was found to be ■without effect. 

Dogs weighing4 to 11 kilos were anesthetized -with nembutal (25mgm./K. intravenously). 
The heart was exposed by removing the anterior portion of the thorax and artificial respira- 
tion was instituted. In some experiments, the heart was denervated by sectioning the vagi 
in the neck and removing the upper 6 thoracic sympathetic and the stellate ganglia. The 
auricles were stimulated with a faradic' current of minimal strength from a Harvard in- 
ductorium in order to induce auricular fibrillation. The stimulating electrodes consisted 
of platinum hooks attached to the tip of the right auricle through a pericardial slit. Ap- 
propriate doses of papaverine hydrochloride were injected intravenously. Records were 
taken at one-half minute intervals for the first 5 minutes after injection of the drug and then 
at about 7, 10, 15, and, on occasion, 30 minutes after the drug was given. The records were 
compared with the control tracing taken before the drug was administered. 

In 2 experiments, 65 mgm. of papaverine hydrochloride had no , significant 
effect on the auricular response to the faradic current; in the other 3, however, 
the auricular response was slowed and, at times, the auricles became irresponsive 
and sinus rhythm reappeared. In 2 of the 5 experiments ■with 92 mgm. of the 
drug, no significant effect on the auricular response occurred; in the other 3, how- 
ever, the auricular rate became slower indicating fewer responses to the faradic 
stimuli, and in two of these (the ones ■with the largest dose calculated as 
mgm./K.) the auricles became irresponsive for a time to the faradic current, the 
sinus node resuming control. In larger doses, 1 ■with 227 mgm., 4 ■with 287 
mgm., and 1 ■with 872 mgm., papaverine abolished the responsiveness of the, 
auricles to the faradic current for varying periods of time, the sinus node as- 
suming control instead. 

Thus it can be seen that papaverine tends to depress the responsiveness of the 
auricles to faradic stimulation. In some instances this depression was great 
enough to abolish the response entirely. In this last respect the auricles behaved 
in the same manner as the ventricles in earlier studies (8). 

That this effect is a direct one on the heart was shmvn by repeating the ex- 
periment in the “physiological heart-lung preparation” described in the preceding 
section. In one experiment 24 mgm. of papaverine hydrochloride was given 
intravenously; ■within 45 seconds the auricles failed to respond to the faradic 
stimulation, and during the next 10 minutes this continued to be the case even 
though the secondary coil of the inductorium was advanced upon the pnraary 
as far as possible.- There can therefore be no doubt that the depression of re- 
sponsiveness of the auricles by papaverine b a direct effect on the heart. 

3. A-V CoNDUCTiviTy. The preceding experiments were also utilized to 
determine A-V conductivity according to the technique preidously described by 
us (10). The A-V conductivity was measured by the ventricular rate deter- 
mined while auricular fibrillation was present, using the nmnber of QRS com- 
plexes occmring in 4 second intervals as the measure. Those experiments m 
which no auricular fibrillation could be induced after the drug, or in which t e 
auricular rate was slowed considerably by it, were discarded for this analysis 
unless noticeable A-V block developed. 
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istered, the ventricles fibrillated. At this point, the interruptor was stopped and 
45 seconds later the ventricular fibrillation spontaneously ceased. When the 
stimulator was started again, 7 minutes after the injection of the drug, the ven- 
tricles were found to respond to onl3' about 60 per cent of the ventricular stimuli. 

It appeal's, therefore, that papaverine in doses of 92 mgm. to 157 mgm. dimin- 
ishes the irritability of the ventricles rendering them less responsive to extrinsic 
stimuli. This probablj- is the mode bj' which the preventive action of the drug 
operates experimentallj’. If a similar action occurs as regards spontaneous ec- 
topic foci in the ventricles, a simple explanation of the “antifibrillatory action" is 
at hand. That this unrcsponsivcncss of the ventricles is due to a direct action on 
the heart was tested in the “phj’siologica! heart-lung preparation" described in 
section 1. In one experiment, 27 mgm. of papaverine hydrochloride given in- 
travenouslj’ caused a state of unrcsponsivcncss of the ventricles beginning at the 
8th minute so that during the next 3 minutes no responses were obtained. At the 
end of this time (11 minutes after papaverine administration) the current strength 
was increased and it was found that a fourfold increase was required before the 
stimuli became effective. Tiiere is thus no doubt that the depression of irrita- 
bility of the ventricles following papaverine is due to a direct effect on the heart. 

6. The Refractory Period of the Ventricles. Tlie decrease in irrita- 
bilitj' of the ventricles shown in the preceding experiments and in our earlier work 
with faradic stimulation (8) suggests the possibility that papaverine alters the 
refractoiy period. The decrease in the number of auricular responses to faradic 
stimulation after papaverine mentioned earlier in this report suggests that in this 
chamber, at least, the refractory period is prolonged. The development of block 
in the A~V junction tissue and uithin the ventricles might also be attributed, at 
least in part, to a prolongation of the refractory period in these regions. In fact 
the appearance of ectopic rhj’thms which we foimd may be due to a similar 
mechanism associated vith reentry. For these reasons, a sj'stcmatic analj’sis of 
the changes in the refractory period of the ventricles was undertaken. 

For this purpose anesthetized dogs weighing 6) to 15 kilo were prepared as in the pre- 
ceding experiments. Similar care was used to keep the heart warm and moist. A Lewis 
interrupter was again employed to drive the auricles at a/ixed rate throughout the c.xperi- 
menl, about 50 beats faster than the sinus rate, so that the influence of heart rate which 
alters the refactory period could be excluded. The ventricles aere stimulated with plati- 
num hook electrodes inserted in the right ventricle or the apex of the left ventricle. The 
stimulating electrodes were connected in this group of experiments to a condenser and B 
battery attached to a metronome set at a constant rate. The rate used was a trifle over or 
under 1 of the rate of stimulation of the auricles by the Lewis interruptor. In this way 
the ventricular stimulation was out of phase w’ith the auricular stimulation. The current 
strength was adjusted, by varying the capacity of the consenser so that the stimulus was 
definitely above the threshold strength necessary to give a response in late diastole, and 
this current strength was malnt.atned constant throughout the experiment. The time of 
stimulation of the ventricle was recorded by inserting the primary of a Harvard inductorium 
in the stimulating circuit and connecting the secondary (at an appropriate distance from 
the primary) in series with one of the lead wires of the electrocardiograph. 

The measurement of the refractory period was made by determining the inter\'al between 
each ventricular stimulus and the onset of QRS of the preceding supraventricular beat and 
noting whether the stimulus was effective or not. For this purpose the results of a 3 minute 
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continuous observation immediately after the drug was given were compared with a like 
period before the administration. The heart cycle, which was fixed, was subdivided into 
intervals of 0.02 second. Each stimulus was placed in its proper time interval together 
with one notation whenever it was not effective and another when it led to an ectopic re- 
sponse. 

In these measurements the interval from the beginning of ventricular electrical systole 
to the stimulus, the Q-S interval, is measured and not the interval to the response, the Q-R 
interval. Consequently the “latent period” between stimulus and measurable response, 
the S-R interval, is excluded. This arrangement of measurement is necessary in order to 
account for those stimuli not leading to responses. In order to correct this omission of the 
S-R interval, we have added 0.03 sec. to the Q-S interval and assumed this to be the Q-R 
interval. The graphs shown (figs. 2 to 6) are all corrected in this way. Actual measure- 
ments of a number of the 3 minute records demonstrated that the S-R interval was actually 
0.03 ± 0.01 sec. regardless of whether the record was taken before or after the drug adminis- 
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Fig. 2. The Effect of 5 cc. of Htdeochlobic Acid (pH = 3.2) Intravenously on the 
Refractory Period of the Ventricles 

Abscissae represent time, in seconds, in the cardiac cycle when the response occurred or 
was expected. (This was obtained by adding the “latent period” to the time of applica- 
tion of the stimulus.) Zero time is the onset of QRS of the supraventricular beats. 1“® 
ordinates represent the percentage of responses obtained 'from the stimuli at theseltimo 
intervals. The control graph is snown by the broken line and the effect after the drug oy 
the_ solid line. The heart rate was maintained constant (2S0/min.) by stimulating tne 
auricles artificially. The cycle length was 0.24 sec. throughout. 

tration, and in the latter case irrespective of the dose of drug given. Neverthelew, it is 
possible that the time when response might have occurred but did not in our experiments, 
could have been longer than the value we used. Such an error, however, would not militate 
against the value of the charts showing alterations in the refractory phase. In constructing 
the graphs the percentage of responses were plotted for each Q-R interval of the heart ®y® ® 
(0.02 seconds apart) and comparisons made between the graph after the injection of t e 
drug and that of the control. 

Two control experiments were made using 5 cc. of hydrochloric acid (pH — 
3.2), the results of one of which is shown in figure 2. In neither experiment was 
any significant change in the refractory period observed. 

A total of 14 experiments were made on the innervated heart, 2 with 27 rngm-i 
6 ■with 92 mgm., 5 with 157 mgm. and 1 with 260 mgm. Even in the experimen s 
with 27 mgm. there was a tendency for the refractory period to lengthen slig y 
(fig. 3), and the effect became more noticeable ■with the larger doses (figs. 4 to ; 
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Fio. 4. Effect of Papaverine HTDBOcnLORiDE (92 mom) Intravenously on Refractory 
Period of Ventricles 

Heart rate » 272/xnin., electrical cycle 0.22 sec. Conventions as in figure 2. 
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Fiq. 5. Effect of Papaverine HTDBOcnLOBiDE (157 mcu.) Intravenously on the 
Hefractort Period or Ventricles 

Heart rate — 250/min., electrical cycle - 0.24 sec. Coavention as in 6gurc 2. 
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although in one of 6 experiments with 92 mgm. of the drug no measurable effect 
was seen. ^ 

In these figures it will be noted that some responses occur after electrical systole 
has begun (for 0.02 sec.). This may be due to errots in measurement but in all 
likelihood it is attributable to the fact that the ventricles have not been stimu- 
lated at that time in their entirety. Thus the extrinsic stimulus finds part of the 
ventricles still responsive and therefore can elicit an ectopic response. The 
conditions of spread of the auricular and ectopic impulses are sufficientb’’ variable 
to account for the absence of response to the extrinsic stimulation on some oc- 
casions in this period of the heart cycle. This general interpretation is verified by 
the occurrence of fusion beats in this period. 

That this effect is due to a direct action on the heart was demonstrated in the 
"physiological heart-lung preparation” described in section 1. In one experi- 
ment in which papaverine hydrochloride (27 mgm.) was given intravenously, a 



Fig. 6. Effect of Papaverine Hydrochloride (260 mgm.) rNiRAVENonsLY on the 
Refractory Period op Ventricles 

Heart rate = 214/min., electrical cycle = 0.28 sec. Convention as in figure 2. 

•definite lengthening of the refractory period was obtained in the first 3 minutes 
after the administration of the drug. The procedure for measuring the re- 
fractory period was the same as in the experiments in the intact animal. There 
can therefore be no doubt that the action of papaverine in prolonging the re- 
fractory phase of the ventricles is due to a direct action on the heart. 

General Discussion. The doses of papaverine used in these experiments are 
larger than those recommended for man in the New and Nonofficial Remedies 
(30 to 80 mgm. orally or hypodermically). However, larger doses have been 
utilized abroad; for example, Dopffel and Kutschera-Aichbergen (14) have given 
as much as 325 mgm. of eupaverine intravenously in clinical cases (eupaverine is 
at least as effective as papaverine), and we ourselves have used dosage of pa 
paverine up to 227 mgm. in divided doses ten minutes apart in similar (unpu 

lished) studies on man. . i, .H - 

On the basis of our present and previous experiments papavenne hj o 
chloride has the following effects on the cardinal properties of heart muscle . 
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{1) It depresses A-V conductivity and intraventricular conductivity, which 
result in A-V and intraventricular block with larger doses. (2) It diminishes or 
alsrogates ventricular ectopic beats induced either at a fixed part or different parts 
of the cardiac cycle. (S) It makes it more difficult to produce or maintain au- 
ricular fibrillation by means of a faradic current. (4) It restores regular beating 
of the ventricles after longstanding faradically produced ventricular fibrillation 
(provided cardiac nourishment is maintained). (5) It raises the threshold 
(measured by the distance of the secondary from the primary coil of the Harvard 
inductorium) for inducing ventricular fibrillation, (d) ,In its presence vigorous 
manual massage of the fibrillating ventricles will restore orderly synergic beating. 
(7) It may by itself, in toxic or subtoxic doses, lead to active ectopic ventricular 
rhythms (premature systoles, paroxysmal tachycardia and flutter and fibrilla- 
tion). (8) In to:dc doses, it can lead to cardiac standstill or complete A^V 
block. (9) Its toxic action occurs more readily in hearts that are ischemic. 
(10) These effects are primarily direct actions on the heart. 

Papaverine hydrochloride thus appears to act as a myocardial depressant and, 
like most depressants, it can at the same time often cause ectopic rhj'thms. It 
appears to retard the recovery phase of the heart muscle and thereby lengthens 
the refractory phase of the ventricles and auricles. In addition, we have shown 
previously that it exerts a direct powerful and lasting dilating action on the 
coronary vessels (7). 

From our present studies it would appear that several circumstances combine 
to make it more difficult to produce ventricular fibillation after papaverine: 

(1) Tlie drug renders the heart less responsive to ectopic stimuli. This is ex- 
tremely important if it is assumed that the effect is the same on ectopic stimuli 
generated within the heart as upon induced electrical stimuli; although not 
demonstrated, this seems to be highly probable. On, a purely statistical basis, 
the chances of fibrillation will be reduced when the number of ventricular pre- 
mature beats is diminished. The unresponsiveness may be the result of a focal 
block around the ectopic pacemaker preventing its impulse from spreading. The 
development of conduction uith decrement from the ectopic focus may be in- 
voked but this is not proven nor necessarj'. Of course, the ectopic focus may 
become depressed so that it dischai^es at a slower rate or becomes entirely 
inactive. 

(5) It depresses conductivity in the ventricle. This is of course a two-edged 
weapon. It may enhance “exit block” and so render parasystolic rhythms in- 
effective (11) and thereby reduce the number of ectopic beats and on this account 
the chance of fibrillation. But, on the other hand, this in a heart already de- 
pressed may lead to the development of unidirectional block in the ventricle 
which is the background of reentrj' (11) and so may aggravate the frequency of 
premature beats and the chance of fibrillation. This is perhaps the way in which 
toxic doses of the drug operate and thb may be the untoward effect which may 
result in diseased hearts. 

(S) It lengthens the refractory period, TTiis also is a two-edged weapon. On 
the one hand, by lengthening the rcfractoij' period it may abolish the circum- 
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stances of unidirectional block so essential for reentry, an important probable 
cause for ectopic rhjdlims and ventricular fibrillation. On the other hand, the 
lengthening of the refractory phase may, when its effects are unequal in neigh- 
boring, units of the heart, actually lead to the development of unidirectional 
block (11) and so initiate ventricular fibrillation. 

These several aspects of papaverine action may be separate phenomena or more 
likely are interrelated and different aspects of the same fundamental process. 
Nevertheless, it is possible to explain the beneficial effects of papaverine as a 
prophylactic and curative factor in ectopic rhythms and ventricular fibrillation 
on an analjdic basis such as has been attempted. This analysis also serves as the 
background to account for the occurrence of ectopic rhythms seen vith larger 
doses. The relation of these findings to clinical use must for obvious reasons be 
ietermined by clinical trial in diseased hearts. Onl}’’ then can the indications 
md contraindications be properly worked out. 

We have no direct observations upon the relation of papaverine to the vulner- 
ible period of the heart which Wiggers and his associates (12) have demonstrated 
;o be an important mechanism in the induction of fibrillation of the ventricles. 
Their theory that spontaneous ventricular fibrillation is precipitated because an 
ictopic stimulus, or even a normal impulse under abnormal conditions, comes in 
;he vulnerable period, appears logical and supported by their evidence. If the 
iction of the drug is to render the ventricles unresponsive for a longer period of the 
leart cycle as our results indicate, it would appear that the threshold, of the vul- 
lerable period would also be raised. 

It is necessarj' further to point out that the coronary dilating action of th? 
Irug, by improving the nourishment of ischemic regions, might elevate the 
hreshold of wlnerability and would also reduce the frequency of ectopic beats. 
3n this account, it would appear that myocardial infarction and chronic coronary 
^sufficiency would be especially favorable to the exhibition of papaverine, and 
McEachem and his associates (13) found such a benefit in dogs with coronary 
occlusion. This requires exploration clinically. 

A word of caution should be interjected. Our experiences show that while 
papaverine tends to abolish ectopic rhythms and fibrillation, the drug when used 
in larger doses may lead to their occurrence. In this regard it is no different from 
other cardiac drugs, viz., digitalis, quinidine, etc. 

SUMMARY 

1. Papaverine depresses or annuls the responsiveness of the auricles to faradic 

•stimulation. _ 

2. In small doses it maj”^ augment A-V conducti-vity, but in larger doses i e 

presses A-F conductivity leading to partial or complete A-F block. Larger oses 
also cause intraventricular block. _ + • > 

3. It diminishes the irritability of the auricles and ventricles^ to ex nnsi 
stimuli and prolongs the refractory period of the ventricles and auricles. 

4. In the anesthetized dog breathing naturally and ■with natural beating o 
heart, small doses of papaverine usually cause temporary' sinus tac jcar i - 
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Larger doses lead to sinus slowing or standstill sometimes with nodal escapes or 
nodal rhythm, active ectopic ventricular rhythms and even ventricular flutter 
and fibrillation. Death with toxic doses is due to cardiac or vertricular stand- 
still or to terminal ventricular fibrillation of a peculiar type. 

5. The favorable action of this drug in reversing artificially induced ventricular 
fibrillation, and in diminishing or abrogating ventricular premature contractions 
electrically induced, is explained as due to a depression of conductivity and ir- 
ritability and to a prolongation of the refractorj' period of the ventricles. 

6. Evidence is presented to show' that thc.se are primarily direct effects on the 
heart. 

7. The possible prophylactic and therapeutic clinical application of papaverine 
hydrochloride in the management of ectopic rhythms and ventricular fibrillation 
is suggested, but caution is advised inasmuch as this drug may cau-^e the very 
arrhythmias for w’hich it may be recommended. 

Wc are indebted to Dr. K. and Mr. M. Feiastein for their as'sistance. 
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In the course of some experiments on the vagal action of veratrine it was 
noticed that veratrine had an effect upon the isolated mammalian heart which 
appeared similar to that of ouabain and other cardiac glycosides. This observa- 
tion seemed of interest because the chemical configuration of the veratrum alka- 
loids is quite different from that of the cardiac glyco.sides. A search of the 
literature revealed that the cardiac action of veratrine described in this paper 
has not been thoroughly investigated, although experiments of several authors 
have a bearing on it. 

A decrease in heart rate and an increase in the amplitude of the ventricular 
contraction was noticed by Hedbom (1) and by Kuliabko (2) when veratrinum 
hydrochloridum Merck was given to the Langendorff preparation of the heart 
of rabbits and cats. Ishihara and Pick (3), Wachstein (4), and Goldenberg and 
Rothberger (5) studied the effect of veratrine on Purkinje fibers. Wachstein 
suspended in Soejima solution sections of the A-V bundle of dogs and recorded 
the spontaneous contractions. As a rule veratrine sulfate caused a decrease in 
the rate of contraction, but occasionally a slight and transient increase was noted. 
The lowest effective concentrations considerably increased the amplitude of the 
contractions. Gibert-Queralto and Pescador (G) made a feiv experiments with 
the heartr-lung preparation of the dog, and in the suspension cun'es of the right 
ventricle they found a marked increase in the amplitude of the ventricular 
contraction when veratrine sulfate was administered. They also noticed a 
decrease in heart rate and an increase in coronary flow. 

One of the reasons why the action of veratrine described here escaped closer 
attention is that the strong vagal action of the drug on the intact circulatory 
system of the mammal entirely obscures the direct cardiac action (7). Further- 
more, as with the cardiac glycosides, this effect is not marked unless the heart 
shows signs of failure. 

Twenty-two experiments were carried out in order to establish some of the 
fundamental effects of non-toxic doses of veratrine upon the isolated and dc- 
nervated dog heart in the form of the heart-lung preparation. 

Methods. Dogs between 6.5 kgm. and 13 kgm. were used. They were anesthetized 
with 0.09 gram of chloralose per kilogram of body weight. The heart-lung preparation nas 
made as described by Patterson and Starling (8), defibrinated bloo d being used to fee 

' This work was done under the auspices of the University Committee on Pharmneo 
therapy. 
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heart. The total amount of blood in the sj'stem was between 450 and 1000 cc. Arterial 
pressure was recorded by a mercury manometer, pressure from the right auricle by a water 
manometer, and pressure from the left auricle by a bromoform manometer. A bromoform 
manometer was used to record pulmonary pressure from a side branch of the pulmonary 
artery. 

The venous blood supply to the heart usually was maintained by gravity flow from an 
inflow vessel in which the level, hereafter referred to as “inflow level,” was kept at a con- 
stant height above the heart. To determine the ability of the heart to respond to increased 
venous blood suppl}' the inflow level was raised 50 mm. and 100 mm. above the basal level 
(for details see [9]) When it was necessary to maintain a constant venous blood supply 
throughout the experiment, the blood was pumped to the heart at a constant rate, following 
the procedure of E. A. Muller (10). The heart volume was recorded by a Henderson cardiom- 
cter attached to a small spirometer constructed so that a change of one millimeter in the 
position of the pointer corresponded to a change of 1 cc. in volume (for details see 110]). 
The systemic output of the heart (output of left ventricle minus coronary flow) was re- 
corded by a Weese Stromuhr (11). In order to observe changes in coronary flow, aMorawitz 
cannula was introduced into the coronary sinus and the outflow measured by a Condon 
recorder The amount of coronary blood flowing from the Morawilz cannula was taken to 
be 60 per cent of the total coronary flow (12). In our figures and tables the values for total 
coronary flow have been calculated on the basis of tins assumption. 

Failure of the heart was either spontaneous, occurring during the course of the experi- 
ment, or induced by adding 0 05 gram to 0.2 gram of sodium pentobarbital (nembutal) 
to the blood in the heart-lung system (for technical details concerning this failure see (9), 
(13). (14)1 

Most of our cxperiracnts were made with veratrinc hydrochloride obtained from the 
seeds of 5c/ioeTiocau(onaJ7?rinofc(7ray This veratrineissaid tobcamixtureof the following 
alkaloids cevndine, veratridine, cevadillinc, sabadine, and cevinr.^ Identical results were 
obtained in a few experiments with an old sample of veratrinc sulfate.* Unless otherwise 
indicated, the vorntrine was injected into the blood before it entered the venous reservoir. 

I. Action upon Output of the HE.vnT and upon Coronary Blood Flow. 
If no signs of heart failure arc noticeable in the heart-lung preparation, even a 
substance which improve.s the activity of the heart muscle cannot bring about a 
marked increase in output. Under these conditions the response to an increa.se 
in venous blood supply often indicates more clearly that a drug lins improved 
the heart. Thus in figure 1 a dose of 0.3 mgm. of veratrinc sulfate increa.scd the 
systemic output only from 555 to GOO cc. per minute, but when the venoas blood 
supply was increased by steps, there was a distinctly smaller rise in auricular 
pressure with each step than was observed previous to the administration of 
veratrinc. The cfTect of veratrinc upon total output in a normal heart is 
illustrated liy figure 2. In this experiment a do.se of 0.2 mgm. of veratrinc 
hydrochloride increased the coronary flow slightly. There wa.s no significant 
change in systemic output, rate, mean arterial pre.«J5Urc, or pulmonary pressure. 
■\Vhile the total output, calculated fiom the sj'stcmic output and the coronary 
flow, showed no measurable incrca.«!e, there \x*as a distinct decrcai=e in the right 
auricular picssurc. 

* The Merck Indc.x, Fifth Edition. 1940, p 574 Wc are indebted to Merck and Co., 
Uahway, New .Jersey, for furnishing us with the veratnne hydrnchlontlo 

‘This veratnne sulfate w.ns mannf.neturcxl by K. Merck, Darmstadt, Germany, its 
compnaition i.s unknown to us. 
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Fig. 1. Experiment 2 

Action of veratrine on the normal heart. Hcart-Iung preparation. Weight of heart- 
lung dog 10.0 kgm. Approximate blood Volume 700 cc. Tracings from top to bottom: 
systemic output, each signal indicating 100 cc.; time in 10-second intervals; arterial blood 
pressure (scale on right in mm. of mercury); left auricular pressure E (scale on left in mm. 
of water); right auricular pressure R (scale on right in mm. of water). The horizontal 
rows of figures, from top to bottom, indicate S3’stemic output in cc. per minute, heart rate 
per minute, temperature of the blood in centigrade, and changes in inflow level in mm. 
At signal 0.3 mgm. of veratrine sulfate was injected. 
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Fio. 2 Experi.me.vt 20 

Action of veratrine on the normal heart. Heart -lung preparation, ^^cight of 
lun^ dog 9.5 kgm. Appn)\imate blood volume SOO ce. Arterial resistance 82 mm. 
curv. Tracings from top to bottom: sj'.stemic output, each signal indicating lOU 
ona’rv flow, each signal indicating S.O cc.; time in 10-socoiid intervals; 
surc’(scalc on right in mm. of mercury); pulmonary arterial prcs.surc 
mm of water); right auricular pressure U (scale on nglit in mm. of vater). L 
rows of figure.s from top to irnttom systemic output in cc. per S of 

m.r minute heart rate per minute, (cmi>eratiire in centigrade. At nrst signal y* r 

■ vmatrinrh^^^^^^^^ ''os injected. At second signal the drum was 5 topi>ed for 

minute.s. 
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Although the changes in auricular pressure and in output wcic slight in the 
normal hcait, they ^Ycre indicative of the capacity of vcratiine to relieve heart 
failure. This is evident in the experiment of figure 3, in which spontaneous 
failure was allowed to develop. ' The total output fell within one and one-half 
hours to 66 per cent of the original value. Tlie first dose of 0.3 mgm. of veratrinc 
hydrochloride caused an increase up to 79 per cent of the original output, and a 
subsequent dose of 0.3 mgm. restored the original total output. While the heart 
rate dccrea.sed 10 per cent the stroke volume lose 90 per cent, exceeding the stroke 
volume of the normal heart. At the same time the size of the heart diminished. 



Wc made a more extensive study of the efTect of veratrinc upon lieart failure 
caused by dcrivatues of barbituric acid. In nine experiments with varj’ing 
degrees of failure the clTcct of veratrinc was consistent. The fii-st part of tabic 1, 
which is a record of a representative experiment, shows the wcll-kno^\■n effects 
of a barbituric acid compound upon f^-^tcmic output, auricular pre.s.^surc, and 
diastolic volume of the heart. As l!>e dilatation of the heart progressed, its 
response to the increase in \cnous liloocl supply detonorate<l. At the basal 
inflow level immediately before the administiation of 0 2 mgm. of verntrine 
hydroehlorulc tlie systemic output was only SO {n't cent of the original value. 
Within two minutes after veralrine was given the systemic output ro^c to 96 
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per cent, of the normal output, while simultaneously the auricular pressure de- 
creased and the diastolic volume of the ventricles diminished. The therapeutic 
effect upon the activity of the heart is clearly shown in the marked improvement 
of the response to the increase in venous blood supply. 

The action of veratrine upon total output in nembutal failure is apparent from 
table 3. In this experiment 0.1 gram of nembutal caused a decrease to 68 per 
cent of the original output. The first dose of 0.3 mgm. of veratrine hydro- 
chloride increased the output within 3 minutes, to 109 per cent. Forty-five 

TABLE 1 


Experiment 11. Action of veratrine on the heart in nemlxilal failure 
Heart-lung preparation. Weight of the heart-lung dog 9.2 kgm. Weight of the heart 
76 grams. Arterial resistance 80 mm. of mercury. Approximate blood volume 600 cc. 


TIME 

tempera- 

ture 

HEART 
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INCREASE 

IN 

INFLOW LEVEt 

SYSTEMIC 

OUTPUT 

ARTERIAL 

PRESSURE 

RIGHT 

AURICULAR 

PRESSURE 

LEFT 

AURICULAR 

PRESSURE 
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DIASTOLIC 
HEART 
VOLUME 

min. 

”C. 

per min. 

mm. 

ce.fmtn. 

mm. Hg 

mm. H*0 


CC. 

0 

38.6 

154 

0 

428 

IDS 

52 

45 

0 

2 

38.8 

154 

so 

600 

no 

65 

65 

3 

5 

38.8 

156 

0 

420 

107 

52 

45 

0 
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Nembutal 50 mgm. 
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38.8 

100 

0 

375 

104 

98 

120 

23 

13 

38.8 

158 

0 

368 

103 

99 

122 

24 

15 

38.8 

156 

50 

508 

107 

142 

175 

28 

17 

39.0 

156 

100 

571 

108 

i' 218 

205 

33 

21 

38.8 

164 

0 

363 

103 

104 

130 

26 

22 

39.0 

162 

50 

451 

106 

162 

192 

31 

24 

' 39.0 

164 

100 

517 

108 

244 

205 

34 

27 

36.7 

102 

0 

340 

101 

113 

135 

26 

29 

38.0 

158 

0 

337 

100 

no 

135 

27 

30 

! 

Veratrine hyclrocliloridc 0.2 

; mgm. 
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63 

85 

34 

i 
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0 1 
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63 

80 

14 

37 

38.0 
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i 

377 
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64 

75 

14 

38 

38.2 

146 

50 

535 

100 

82 

100 

18 

40 

39.0 

144 

100 1 

681 

110 

113 

125 

23 

44 

38.7 

144 

0 1 

363 

102 

75 

85 

IS 


minutes later, when the heart again showed signs of failure, the second dose of 
0.3 mgm. caused a rise from 61 per cent to 109 per cent of the normal total output. 

In one experiment (see table 2) it was possible to observe the action of vera- 
trine upon the .systemic output of a heart with symptoms of failure accompanied 
by auricular fibrillation of unknown cause. Two doses of 0.1 mgm. each of 
veratrine sulfate given in succession increased the systemic output to 250 per 
cent of the original value. In .spite of the persisting auricular fibrillation the 
ventricular rate became more regular and there was a marked improvement m 
the respoase of the heart to the increase in venous blood supply. 

Coronary blood flow was measured in 6 e.xpcriments. The 4 experiment^! o 
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figure 4 contain the essential results. In the normal heart non-toxic doses of 
veratrine had no marked effect upon coronary flow. If an effect was noticeable, 
it consisted of a slight and transient increase. In the failing heart (nembutal) a 
therapeutic dose of veratrine augmented the outflow from the Morawitz cannula. 
This effect was ti*ansient and coincided with the decrease in heart volume. 
Maximal values of outflow were rcaehod within 15 -minutes. Repeated ad- 
ministration of the same dose showed diminution of the intensity and duration 

TABLK 2 

Expcriinenl S. Aetiori of veralrtne and tjuinidine in auricular Jibrillalion 


Heait-lung prrjinration Dor 13 0 kgm Iltuud volume oppioximatcly 450 cc. Ar- 
terial rcsist.anre 86 mm of mercury. Weight of the heart 86 grams. 
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• During tlic first 10 minutes of the experiment the ventricular rate was very irregular 
Htul so frequent that it cuiiltl not be counted 


of the effect The ri.«c in mean arterial pn*ssme which occurred .simultancoiHly 
with the increase in roronary blood flow was loo slight to account for more than 
a small part of the incrca.«c. 

II. Action upon Rate of the Fiffcctive hut non-toxic itiitial dosc.s 

of veratrine (see table 4) had no uniform infltience upon heart rate in the 13 
expenment.s performed on normal hearts. In 8 c.xperiment.-« the rate dccrca-ed, 
m 3 it did not change, and in 2 it increa.«*od. As the initial do'c approached the 
toxic dosc the heart rc-sponded more readily with an incrca'-e in rale Do«es 
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subsequent to the initial dose usually further decreased the rate, but in some 
experiments the rate was not altered, and in others it increased. 

In nembutal failure the initial effective but non-toxic dose of veratrine caused 
a decrease in heart rate in 7 out of 9 experiments; in the other 2 there was no 
change in .rate. Subsequent doses tended to decrease the heart rate to lower 
levels than in the normal heart. Jn the experiment of table 3 the rate dropped 
from 148 per minute to a regular sinus rate, of 52 per minute, after a total amount 
of 3.5 mgm. of veratrine hydrochloride had been given. 



5 (O), Experiment 20 (®), and Experiment 21 («•). 

In the experiment of table 2 two doses of 0.1 mgm. each of veratrine sulfate 
given in succession did not stop auricular fibrillation. While the ventricular 
rate became more regular, it did not decrease below 240 per minute. 

III. Action upon Pulmonary' Circul.ation. In the normal hearHung 
preparation no marked changes in pulmonary arterial pressure followed the 
administration of non-toxic or oven slightly toxic doses of veratrine (sec figs. 2 
and 7). In several experiments a decrease in pre.ssure of a few millimeters o 
water was noticed, particularly if the venous blood supply was kept constant, 
as in the experiment of figure 6. 
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Tlie development of heart failure in the heart-lung preparation was usually 
accompanied by a rise in pulmonary arterial pressure. Under this condition an 
adequate dose of veratrine restored normal pressure. The drop in pulmonary 
arterial pressure was sometimes preceded by a slight rise, which lasted for about 
one minute and coincided with the beginning of the increase in the total output 
of the heart. As tho effect of the drug wore off, the pulmonary pressure again 
rose. Subsequent doses of veratrine were less effective in intensity as well as in 
duration. The magnitude of tho changes obscr\’ed can best be judged from the 
experiments of figure 3 and table 3. These experiments prove that veratrine 
reduced the re.‘?istancc in tho pulmonary circulation. 

The magnitude of the change in output Ls not dependent upon the degree of 
the hemodynamic changes in the pulmonary circulation. This is evident if the 
action of the first dose of 0.3 mgm. of veratrine hydrochloride in the experiment 
of table 3 is compared with the effect of the second dose of 0 3 mgm. As a result 
of the first dose the total output increased CO per cent, while the pulmonary pres- 
sure decreased 2l per cent; as a result of the second dose the total output in- 
creased 77 per cent, reaching the same absolute value ns after the first dose, 
while the pulmonaiy arterial pressure, which had returned to the previous level, 
dropped only 5 per cent. 

IV. Action upon Diastoi.ic Volume and upon Work of the Heart. One 
of the characteristic effects of a non-toxic dose of veratrine is a decrease in the 
diastolic volume of the heart. Figttrc 5 illustrate.s this effect in an experiment 
in which the licart showed no apparent signs of failure and cliangcs in systemic 
output, rate, and pulmonary arterial pro.«.surc were either absent or insignificant. 
This action of veratrine is much more pronounced in the failing heart, with its 
marked dilatation (see table 1). However, in heart failure the interpretation 
of the change in diastolic volume is complicated by the action of veratrine upon 
output, heart rate, and pulmonary arterial pros.sure, the last having a particularly 
mflueuce upon tl\c site of the ri^Ut ventricle (15) 

If the blood enters the heart by gravity flow, alterations in heart rate or in 
stroke volume lead to changes in the venous blood supply. For an accurate 
evaluation of the influence of a substance upon the diastolic volume of tho heart 
it is neccs.sarj' to keep the venous blood supply coastant. In the experiment of 
figure G this was done by pumping the blood into the right atrium at a constant 
rate. The systemic output remained at GIO cc. throughout the cxi>crimcntal 
period. Three-tenths mgm. of veratrine hydrochloride caused a maximal 
dccrca.se in diastolic heart volume of 17 cc., which was reached within G minutes. 
Immediately after the injection the pulmonary arterial pressure decreased 
slightly but had already returned to its original level when the heart volume was 
smallest. Neither the change in pulmonary arterial prc.s.surc nor the slight in- 
crease in rate, indicating a decrease in stroke volume, can have significantly 
modifietl the reaction. 

From tho.se observations it must Iw eoncludwl that veratrine has a direct 
action upon the ventricular mtisele of the mammalian heart, leading to a decrease 
in the diastolic ventricular volume. 
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The work of the heart was calculated from the total output and from the aortic 
pressure and pulmonary arterial pressure. The energy e.xpcnded in imparting 
a certain velocity to the blood was not considered. Consistent results were 
obtained in four experiments, one of which is illustrated by table 3. 

In the normal heart 0.2 mgm, of veratrine hydrochloride did not significantly 
increase the work of the heart. Nembutal markedly reduced it. Three doses 
of 0.3 mgm. of veratrine hydrochloride given in succession all uniformly increased 


: i i i I i 


: i ir, !rtitti ! [I n I i I inrrni'ninnrrrnt luiitn: 



571 566 -555 



Fig. 5. Expehiment 12 

Action of a therapeutic dose of veratrine upon heart volume and to.vic action resulting 
in ventricular fibrillation. Heart-lung preparation. Weight of heart-lung dog 6.9 kgm. 
Weight of the heart 64 grams. Appro.Nimate blood volume 750 cc. .Arterial rcsistiince 90 
mm. of mercury. Tracings from top to bottom: systemic output, each signal indicating 
100 cc.; time in 10-sceond intervals; arterial blood pressure (scale on left in mm. of mer- 
cury) ; heart volume (scale under tracing in cc.) ; pulmonary arterial pressure (scale on left 
in mm. of water); right auricular pressure (scale on left in mm, of water). The horizontal 
rows of figures indicate, from top to bottom; systemic output in cc. per minute, heart rate 
per minute, temperature of the blood in centigrade. At signals 0.5 and 1.0 mgm. of vera- 
trine hydrochloride was injected. Two do.ses of 0.25 mgm. each of veratrine hydrochloriue 
were given before those indicated in the tr.acing. 

the work. Maximal effects were reached within 3 minutes. A.s the heart rate 
in this experiment deereased under the influence of veratrine, the .stroke volume 
increased accordingly. However, if .short intervals are considered, such a.s the 
time between the admini.stration of veratrine and the maximal effect, the change 
in rate could not have accounted for more than a small part of the incrca.se m 
stroke volume. 

V. Dos.age and Duu.\tion of AcriON. 1. Initial rffedive and tlicrapcmic 
dose. In table 4 are recorded the initial effective but non-toxic do.ses of veratrine 



ACTION OF VEUATRINB ON HEART 


359 


used in our exporiments. This dosage range also represents tlie initial elTcctivc 
or “therapeutic” dose for the failing heart. One-tenth mgm. of veratrine sulfate 
or veratrine hydrochloride ^\as the smallest effective dose observed, while the 
smallest toxic dose was found to be about 0.5 mgm. of veratrine hydrochloride 
(1.0 mgm. per liter of blood, or 0.75 mgm. per 100 grams of heart muscle). 



Fig. C Expeiument 16 


arterial pressure (scale on riRhl in mm of mercury) ; heart volume (scale above the tracing 


minutes after D 

Transient periodic irregularities and incrca.se in heart rate (see fig. 7) were 
the characteristic effects of tlic smallest toxic dose. The appearance of the toxic 
effect was found to he dependent upon the concentration of veratrine first 
reaching the heart, rather than upon the total dase. In eontnust to the usual 
procedure the injection in the experiment of figure 7 wjm made into the blood 
.stream shortly before it cntcretl the right atrium. The concentration of vera- 
trino hydrochloride reaclung tlic coroimrj' arteries the first time was about 
1:350, OtX). If the veratrine had l>ccn uniformly distributed, the total dose of 
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0.3 mgm. (0.43 mgm. per liter of blood, or 0.31 mgm. per 100 grams of heart) 
would have been well within the non-toxic range. 


TABLE 3 

Experiment 20. Action nf vcralrinc hydrochloride on the normal heart and on the heart 

in nembutal failure 
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Total 

Left 

heart 

Right 

heart 

mxn. 

cc.lmin. 

cc.lmin. 

rc./min. 

Per min. 

CC. 

mm. Hr 

mm. H:0 

mm. HtO 




0 

487 

63 

550 

.180 

3.1 

98 

391, 

37 

0.95 

0.73 

0.22 

11 

468 

78 

546 

172 

3.2 

97 

366 

39 




13 

460 

78 

538 

172 

3.1 

97 

362 

40 

0.91 

0.71 

0.20 

13 


Veratrine liydrochloride 0.2 

mgm. 

(0.2G mgm. /liter of blood; approx 



blood vol. 

= 750 cc.) 







16 

572 

83 

555 

172 

3.2 

97 

364 

33 

0.93 

0.73 

0.20 

18 

458 

83 

541 

172 

3.1 

98 

371 

30 




24 

451 

85 , 

536 

170 

3.2 

98 

371 

30 




32 

451 

90 

541 

170 

3.2 

98 

371 

34 

0.93 

0.72 

0.21 

33 


Nembutal 25 

mgm . 1 








36 


Nembutal 25 

mgm. 








40 


Nembutal 25 

mgm. 








43 


Nembutal 25 

mgm. j 








4o 

270 

96 1 

306 1 

148 

2.5 

95 

469 

144 

0.66 

0.49 

0.17 

46 


j Veratrine hydrochloride 0.3 

mgm. 

(0.42 mgm./litcr of blood; approx. 



blood vol. i 

= 700 cc.) 







47 

350 

120 

470 

144 

! 3.3 

97 

1 490 

120 

1 O.SS 

0.62 

1 0.23 

49 

451 

140 

590 

140 

4.2 

98 

369 

61 

1. 01 

0.79 

0.22 

52 

451 

130 

581 

138 

4.2 

98 

378 

69 




58 

451 

116 

507 

130 

4.2 

98 

385 

79 




62 , 

' 451 

110 ; 

56! 

134 

4.2 

98 

400 

81 

0.97 

0.75 

0.22 

69 ; 

443 

95 1 

538 

134 1 

4.0 

98 

420 

96 




75 

420 

88 1 

508 

132 

3.9 

98 

437 

107 




87 

345 

S3 1 

428 

132 

3.2 

98 

465 

133 

0.77 

0.57 

0.20 

91 

324 

73 i 

397 

134 

2.9 

98 

458 

140 




93 

290 

73 1 

363 

134 

2.7 

97 

465 

143 




95 

258 

73 1 

331 ’ 

134 ! 

2 5 1 

97 

471 

150 

O.GO 

0.44 

0.10 

96 


Veratrine hydrochloride 0.3 

mgm. ! 

(0.54 mgm./litcr of blood; approx. 



blood vol. = 

= 550 cc 








99 

483 : 

105 I 

588 1 

124 1 

4.7 , 

100 

448 j 

89 

1.06 

0.80 

0.26 

103 

428 1 

98 : 

520 

116 j 

4 5 ' 

100 

459 1 

102 




109 

351 ! 

01 1 

442 1 

112 1 

3 9 ! 

99 

471 1 

120 




115 

252 

90 ' 

342 i 

108 . 

3 4 ' 

99 I 

464 I 

151 

0.02 

0.40 

0.10 

116 


Veratrine hydrochloride 0.3 

mgm. 

(0.6 mgm./litcr of blood; approx. 


j 

blood vol. = 

= 500 cc.) - 







119 

408 , 

96 i 

504 i 

92 1 

5.5 1 

100 j 

459 } 

117 

0.91 

o 

s 

c 

122 

397 j 

91 i 

488 

8.8 ; 

5 5 t 

100 i 

448 j 

111 


( 

— — 


2 Inlensity and duration of action willi repealed adminiclrahon. flic action 
of a fully effective dose of veratrine given initially la.sted for 30 to 50 inimitc.', 
if the same do.se was repeated, intensity and duration of effect usually dimini.s ict . 
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In the normal heart where voratrinc has no influence upon coronary blood flow, 
the changes in heart volume are suitable for the estimation of the intensity and 
duration of action, provided the venous blood supply is kept constant. Thus in 
the experiment of figure 6 a dose of 0.3 mgm. of voratrinc hydrochloride (0.46 
mgm. per liter of blood) cau.sed a decrease in diastolic heart volume of 17 cc., 
and the heart volume returned to the original value after 35 minutes. Fifty-four 
minutes after the first dose, 0.3 mgm. of voratrinc hydrochloiidc (0.5 mgm. per 
liter of blood) caased a dccrea.se in dia.stolic heart volume of only 10 cc., and the 
subsequent dilatation proceeded faster than after the first do.se. 


table 4 

Inilial effective doses of veratrine hydrochloride producing no lozic effect 


EXP NO. 

.0.. 

l>OSE EEt LITPI or BLOOD 

DOSE PLB 100 CBAU5 HEART 


fflin. 

n{>». 

iii{in. 

4* 

0.1 

O.U 

0 086 

16 

0.1 

0.13 

0 OSO 

17 

0 1 

0.15 

0.16 

3* 

O.l 

0.2 

o.ut 

6 

0.1 

0.2 

0 2J 

7 

0 2 

0.23 


20 

0.2 

0 26 


10 

0.2 

0.2S 

0.13 

10 

0 2 

0.28 

0.20 

S 

0.2 

0.28 

0.26 • 

5 

0.2 

0 33 

0 15 

11 

0 2 

0 33 

0.2C{ 

12 

0 25 

0.33 

0.30 

1* 

0 3 

0.33 

0,35t 

IS 

0.3 

0.42 

0 271 

23 

0 3 

0 42 

0.3S 

2* 

0 3 

0 43 


21 

0 3 

0 44 

0.31J 

22 

0 3 

0.52 

0.32** 


* In this cNpcnmcnt veratrine sulfate was used 
t Auricular fibrillation. 

{ N’cmhutal failure. 

§ Histamine failure. 

** Spontaneous failure. 

In the failing heart changes in total output, coronarj* flow, pulmonary pre.=;sure, 
and auricular pres<5urc can be used to investigate duration and intensity of action. 
In the experiment with spontaneous heart failure (fig. 3) the action of the fully 
effective second dose of 0.3 mgm. of veratrine hydrochloride (0.54 mgm. iwr 
liter of blood) lasted 40 minutes. The following do'«c of 0.3 mgm. (0.61 mgm. 
per liter of blood) had no significant effect; while 0.6 mgm. (1.2 mgm. per liter 
of blood) administered four minutes later wns less active than the second dose, 
tlie effect lasting only 20 minutes. In the e.\periment of tabic 3 tlic action of 
the first therapeutic dose of 0.3 mgm. lasted about 45 minute.s; the action of the 
.■second do~e of 0.3 mgm., while equally effective in intensity, la.sted 20 minute.s. 
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Tlie third dose of 0.3 mgm. was distinctly less active than the two preceding 
doses. 

The decrease in rate caused by non-toxic or therapeutic doses did not seem 
to be entirely reversible. However, the interpretation is complicated in that 
the heart rate in the heart-lung preparation, in spite of the constancy of the 
temperature, does not stay at a constant level but gradually decreases. In 



Fig. 7. Experiment 21 

Toxic elTcct of veratrino characteristic of a minimal toxic dose. Ileart-lung preparation. 
Weight of the heart-lung dog, 14.0 kgm. Weight of the heart, 9G grams. Approximnt 
blood volume 700 cc. Arterial rcsistanee 80 mm. of mercury. Tracings from top to ooi- 
tom: systemic output, each sign.al indicating 100 cc.; coronary flow, each signal inoiciumg 
8.4 cc.; time in 10-second intervals. Arterial Wood pressure (scale on right in mm. ol mer- 
cury); pulmonary arterial pressure P (scale on left in mm. of water); right auricular pr - 
sure U (scale on right in mm. of water) . The horizontal rows of figures indicate, 
to bottom; systemic output in cc. per minute, coronary flow in cc. per rnmiitc, heart rn 
per minute, and temperature in centigrade. At signal 0.3 mgm. of vcratrine hydrochlori 
was injected into the tube carrying the venous blood supply from the reservoir to 
heart. 

cases where an increase in rate was caused by a toxic concentration of veratnne, 
as in fig. 7, thi.s effect wore off within 30 minutes. . 

Discussion. From the statements of Hedbom and of Kuliabko, it i.s im- 
possible to ascertain what concentrations of vcratrine hydrochloride they n.=cd. 
Ishihara and Pick applied 1 : 200,000 to 1 : 400,000 to the Purkinje fibers of dop 
and rabbits; Goldenberg and Rothberger used 1:100,000 to 1:250,000, and 
Wachstcin, 1:235,000 to 1:1 million vcratrine sulfate on sections of the -a 
conduction bundle of dogs. Gibert-Queraltd and Pescador 
of 0 25 mgm of vcratrine sulfate in heart-lung preparations .similar to our oi 
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technic. They fail to mention, however, the total amount of blood in the heart- 
lung system. 

From table 4 it is apparent that our effective concentrations of veratrine hydro- 
chloride or veratrine sulfate ranged between 1:9 million and 1:2.5 million, while 
the toxic range began at a concentration of 1:1 million. 

The most important effect of non-toxic or therapeutic doses of veratrine ob- 
served in ourexperiments is the effect upon the heart muscle leading to adccrease 
in the diastolic volume of the heart, which is in part due to a direct action of the 
alkaloid upon the muscle of the heart. The experiments on isolated parts of 
heart mu«clo, particularly tho,so of Wachstcin (4), substantiate this fact. As a 
result of this action the ventricular muscle can more readily adjust the output 
of the heart to the venous blood supply, thereby effecting in the failing heart a 
striking increase in total output and a marked improvement of the work. 

This action of veratrine upon the heart muscle is similar to that of the cardiac 
glycosides. Like these, veratrine reaches its full effect on the muscular activity 
of the heart after a period of several minutes, during which the action gradually 
becomes more pronounced. In our experience an initial dose of 0.2 to 0.3 mgm. 
of veratrine hydrochloride approximately corresponds in the intensity of its 
therapeutic effect to that of 0.05 mgm. of ouabain. 

The action on pulmonary arterial pressure which is in part attributable to a 
dccrca.se in the resistance of the pulmonary circulation is similar to that observed 
by Gollwitzcr-Mcier and Kriiger (13) with strophantlun under comparable 
experimental conditions. 

The action of non-toxic doses of veratrine is more readily reversible than the 
action of corresponding doses of cardiac glycosides. Veratrine is unlike the 
cardiac glycosides in that the intensity and the duration of its action dimmish 
with repeated non-toxic doses. 

According to Gibcrt-Queraltd and Pescador veratrine Increases coronary blood 
flow. Wc found this to be true of the failing heart, while in the normal heart 
not even slightly toxic doses caused a significant change. 

6UBIMART 

Tlie cardiac action of non-toxic doses of veratrine was studied in the heart- 
lung preparation of the dog. The most important phase of this action is an 
effect upon the heart muscle which, particularly in the failing heart, increases the 
total output and improves the work of the heart, simultaneously wth a decrease 
in the diastolic ventricular volume. Tlic auricular pressure decreases. This 
action is similar to, although not identical with, the action of cardiac glycosides 
upon the mammalian heart. 

The action of veratrine upon heart rate is not consistent ; as a rule there is a 
decrca.se in rate. 

The coronaiy' flow in the normal heart remains unchanged, while in the failing 
heart veratrine causes a transient increase. 

In the normal heart-lung preparation the pulmonary artcri.al resistance either 
rem.ains unchanged or is slightly reduced. If a marked increase in pulmonary 
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pressure accompanies the development of heart failure, veratrine causes a marked 
reduction in the resistance of the pulmonary arteries. 

The pffective, therapeutic, and toxic doses are reported, and the intensity and 
duration of action with administration of single and repeated doses of veratrine 
are discussed. 
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From ike Depariment of Nervous and Menial Diseases, Northweslern UniversUy Medical School 
Heceivcd for publication December 15, 1941 

Bromides, phenobarbital and other anticonvulsants with the exception, 
among a few others, of sodium diphenyl hydantomate, prevent experimental 
convulsions in animals by producing various degree of narcosis. In searching 
for another anticonvulsant that will not at the same time produce a narcotic 
effect, we have studied the effect of phenylcinchoninic acid in preventing con- 
vulsions produced by intravenous injection of metrazol and thujone into rabbits. 
Since the minimal dose of convulsant agents as thujone and metrazol is not 
constant because of inherent or acquired refractiveness, it has been suggested 
by Lennox, Nelson and Beetham (1) that statistical treatment rather than 
individual reports be used in the study of experimentally produced convulsions. 
Acquired refractiveness has been avoided in our studies by using only animals 
not previously exposed to any other experiment. 

The observed attacks were classified as follows: Only a hunching backward as 
no. I; twitching of ears and head as no. S; myoclonic jerking of the muscles of 
the head, neck and extremities, the animal remaining erect as no. amore severe 
myoclonic jerking of these parts, the animal remaining erect, as no. 4; and a 
complete clonic-tonic-clonic convulsion, the animal falling to the ground as 
no. 6. Each ammal in which an anticonvulsant drug was injected prerious 
to the injection of metrazol wi^ controlled by an animal in which only the mini- 
mal commlsant dose of metrazol was injected. 

From a study of 100 animals we established the minimal convulsant dose to be 
13.2 mg. of metrazol given intravenously perkilo body weight of rabbit. There 
ensued 74 (74 per cent) complete convulsions (no. 6), severe myoclonic standing 
seizures (no. 4) in 9 (9 per cent), 13 (13 per cent) mild myoclonic standing sci- 
ziu-es (no. 3), and 4 (4 per cent) twitchings (no. S) (fig. 1). 

Phenylcinchoninic acid (5-phenylquinolme-4 carboxylic acid), known as 
cinchophen or atopban, was first S 3 mthesized bj' Doebner and Gieseke (2). 
It has been widely used in the treatment of gout but because of its seeimngly 
high toxicity its use has generally been discontinued. Following administra- 
tion, it is excreted in the urine, in the form of 2 phenyK8-hydroxy-4 quinoline 
carboxylic acid and hydroxy pyridinuric acid (3). In rabbits it is toxic in 
doses of 309-350 mg. per kilo. The minimal active dose is given as from 150-200 
mg. per kilo and the lethal dose of from 500-600 mg. per kilo. "When toxic doses 
arc administered subcutaneously to a rabbit, at the end of a half hour the animal 

* \Vc wish to express our appreciation to Merck and Co. for furnishing the phenylchin- 
chooinic acid and to Bilhuber Knoll Corporation for furnishing the metraiol used in these 
experiments 
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remains quiet and immobile, at an hour has lost spontaneity of movement and 
has reduced sensibility, at an hour and a half it is somnolent, and brusque move- 
ments appear in the hind legs, at 2 hours flaccid paralysis ensues, at 4 hours the 
animal begins to recover (4). In massive doses, 500-800 mg. per kilo, convul- 
sions have been observed. The immediate toxic effects have been attributed to 
its action on the nervous system and the toxicity is said to be due to the adjunc- 
tion of the phenyl group to the cinchoninic acid (5). After small doses, the 
blood pressure momentarily falls then rises; the pulse rate at first increases then 
diminishes; after section of the vagi the rate again increases; the respirations at 
first diminish then increase (4). 


Complete c 

74% 

convulsion ^ 


Severe 
myoclonic . 
standing 4 
seizure 

9% 

Mild rrwo-_^_ 
clonic fit •J 

13% 

Twitching -*>2 

4 

Hunching -»-l 


No 

convulsion, o 

100 anima^ls 


Fio. 1. Percentage Distribution op Degree of Severity op Convui-sions in 100 
Animals Which Received an Intravenous Injection of 13.2 mg. of Metrazol 

PER Kilo 

In our experiments the intravenous injection of from 88-220 mg. per kilo 
was not followed by any observable motor or sensory disturbance or somnolence. 
When 5 minutes following the intravenous injection of from 88 to 132 mg. pw 
kilo, metrazol in doses of 13.2 mg. per Idlo was injected intravenously into rab- 
bits, in.50 rabbits so treated there ensued no complete convulsions (no. 5), no 
severe standing myoclonic seizures (no. 4), 10 (20 per cent) of mild standing 
myoclonic seizures, 7 (14 per cent) of seizures of lesser severity of this type 
(no. 3), 12 (24 per cent) of instances of only twitches, (no. 2) 4 (8 per cent) o 
hunchings (no. 1) and 17 vdth no motor manifestations (fig. 2). Th^ may he 
contrasted with the occurrence of 74 per cent of complete convulsions in contro 
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Ten rabbits were fed phenylcinchoninic acid by mouth in doses 220 mg. per 
day per kilo for 5 days. Four of the animals died. When a minimal convulsant 
dose of metrazol was injected intravenously into the remaining 6, in only one 
was a complete convulsion observed, in the others only twitching of the ears 
and hunching. On the other hand, in 6 control animals 5 complete convulsions 
ensued. 

The anticonvulsant property remains active an hour after intravenous in- 
jection of phenylcinchoninic acid. Thus at 15 and 30 minutes only slight 
twitches resulted; at 45 minutes only hunching; at an hour, of 11 ammals, only 


Complete c 
convulsiotv ^ 


Severe 

myoclonic_4.^ 
3ta.ndln8 ^ 



Twitching Z 

Hunching “*• 1 

Ho _^n 
convulsion ^ 



50 e^nimals 


Fig. 2. Pebcentaoe Distiubotios of Degree or Severitt or Convulsions in 60 
Animals Which Received an Intr-wenous Injection or 8S-132 mo. op Phentl- 
ciNCHONiNic Acid per Ejlo, 6 minutes Previous to the Injection op a Minimal 
Convulsant Dose op Metraiol. 


3 had complete convulsions, 1 a severe standing seizure, 3 only twitches and 4 no 
motor disturbance of any nature. 

Phenylcinchoninic acid did not prevent the comndsions ensuing from intra- 
venous or subcutaneous injections of nunimal convulsant doses of picrotoxin 
or Ihujone. In 10 animals studied, neocinchophen (<7-mcthyl-5-phenylquinoline- 
4-carboxj’lic acid cthj'l ester) did not prevent metrazol comnilsions. 

The mode of action b^* which phenylcinchoninic acid prevents metrazol con- 
Milsions remiuns to be discovered. A direct chemical antagonism was excluded 
by the failure to prevent con\'ulsions when phenylcinchoninic acid and its deriva- 
tives were first mixed with the metrazol and injected intravenously. 
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Since we found that phenylcinchoninic acid did not prevent convulsions pro- 
duced by picrotoxin or thujone or the passage of alternating current through the 
head, we do not believe that the anticonvulsant action is the result of any specific 
depressant effect upon the brain stem, upon which medullary convulsants as 
camphor and picrotoxin alike exert their chief effect; or to a general narcotic 
action. The possibility that phenylcinchoninic acid may play a part in the 
detoxication of metrazol suggests further study. 

CONCLUSION 

The administration of suitable doses of phenylcinchoninic acid, intravenously 
or by mouth significantly reduces the severity or prevents the occurrence of 
convulsions after the intravenous administration of convulsant doses of metrazol. 
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Six years ago Netvman (1) described a simple, reliable method for the deter- 
mination of ethyl alcohol in body Quids. The purpose of the present communica- 
tion is to report minor improvements in technic, as well as the application of 
photoelectric colorimetry to the procedure. 

In brief, the determination depends on vacuum distillation of the alcohol in 
the sample into an oxidizing solution consisting of potassium dichromate in 
strong sulphuric acid, with colorimetric determination of the amount of 
dichromate reduced. Rather than dwelling on the differences between this and 
the original method, we will describe the procedure as now used. 

The only reagent necessary is a solution of potassium dichromatc in equal parts of 
distilled water and concentrated sulphuric acid. The strength of dichromste used will 
depend on the range of alcohol coneentreUons to be covered; N/10 will be adequate for 
concentrations up to 300 mgm per 100 cc. when 1 .0 cc. samples arc used. The solution need 
not be standardized. 

SufEclcnt anhydrous sodium sulphate is placed in a 25 cc. Erlenmeyer flask to cover its 
bottom. Onto this is accurately pipetted 1.0 cc. of the sample to be evamined. The flask 
is closed with a rubber stopper bearing an inlet tube with a stop^cock, and an L-shaped out- 
let tube, expanded In ifa vertical portion. This is connected by means of rubber tubing 
n ith the inlet of the receiving vessel, which is a Folin blood sugar tube graduated at 25 0 
cc. into which has been pipetted exactly 3 0 cc of the dichromate solution. This tube is 
closed by a rubber stopper bcanng the inlet tube, which reaches almost to its bottom and 
terminates in a small aperture to decrease bubble size, and the outlet tube which ends flush 
with the stopper and connects through a stop-cock with the vacuum lino. A vane type 
vacuum pump, capable of maintaining a vacuum of 0 02 mm., is used, connected to a mani- 
fold whereby 5 determinations may be run simultaneously. The sample flasks rest in a 
water bath maintained between 50’ and 65® C., and a tubular electric light running along- 
side the delivery tubes maintains the temperature of this region somewhat above that of the 
room, and discourages condensation of alcohol in the tubes when the laboratory temperature 
is low. 

When the apparatus is connected up as described, the stop-cock on the inlet tube of the 
sample flask is dosed and that to the vacuum slowly opened. Distillation is allowed to 
proceed for approximately 20 minutes, when the stop-cock to the vacuum is closed, and 
that on the inlet tube slowly opened. The tube containing the oxidizing solution is then 
removed, ita stopper and inlet tube carefully washed into it, and the volume made up to 
the 25 cc. mark w ith distilled water. The contents are thoroughly mixed by inversion, and 
a portion placed in the cuvette of the colorimeter, w-herc the transmittance of light of a 
wavelength of 4S0 millimicrons is determined, the comparison solution being obtained from 
ablank determination in which the sample consisted of distilled water. The concentration 


» Supported in part by a grant from the Rockefeller Fluid Research Fund of the Stan- 
ford Umvcrsit 5 ’ School of Medicine. 
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of alcohol in the sample is then read off a calibration curve, prepared by plotting the results 
of the determination of a number of known concentrations of alcohol throughout the range 
on semi-logarithmic paper. 



Fig. 1. Transmiotan'ce Curves op the Oxidizing Solution, 0, and the Same Solution 
AFTER Reduction, R, Determined with the Spectrophotometer 



ALCOHOL MUM/ 100 CC. 


Fig. 2. Calibration Curve for .Approximately N/20 Oxidizing Solution, with igbt 
OF A Wave-length of 480 Millimicrons 
It will be noted that it departs to some extent from a straight line. Since the un 'b® 
ransmits worejight than the stand^^^^ ^1‘rg/calculafed t muH^^ the sale 


cent, 
by 2. 


Thus actual percentage transmission i 
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Comment. The changes in the procedure, notably the increase in the distilla- 
tion temperature and the warming of the delivery tube, have been found to 
eliminate the occasional aberrant results found with the original method. They 
have, however, not appreciably improved the probable error of the method as 
previously reported (1), which was not over 3.5 per cent for concentrations over 
25 mgm. per 100 cc. 

Substitution of colorimetric for iodometric determination of the remaining 
dichromate has been accomplished without any sacrifice of accuracy. The 
apparatus used is a Coleman Model 11 Spectrophotometer. The procedure is 
complicated by the fact that the reduction products of the dichromate are not 
colorless, as can be appreciated from the spectral transmittance curve in figure 1, 
which also shows the curve for the unreduced dichromate. Largely by a process 
of trial and error, it was found that a wavelength of 480 millimicrons, at which 
the transmittance of the reduction products is maximal and that of the di- 
chromate has not yet risen significantly, is the most satisfactory, and that the 
best reference solution at this wavelength is the unreduced dichromate. Be- 
cause the reference solution transmits less light than the unknown, it is 
necessaiy with the Coleman instrument to use 30 per cent transmittance as a 
reference with N/10 and 50 per cent with N/20. A calibration curve obtained 
with the latter is shown in figure 2. As is readily made out, this is not a straight 
line, indicating that Beer’s law does not strictly apply. This necessitates the 
experimental determination of a number of points on the curve, which is done by 
running in duplicate or triplicate alcohol solutions of known concentration, 
made up from absolute alcohol by serial dilution. Since the dichromate solution 
keeps indejfinitely, it may be made up in large amount, and the calibration curve 
remains valid until the solution is exhausted. 

The procedure should be readily applicable to other types of photoelectric 
colorimeter. The filter used should have its maximal transmission at about 480 
miiiimicr'ffns. The grevst sdt'entsge c! the coierin 2 etnc procedure over the ido- 
metric lies in the lack of necessity for standardization of solutions, and expediency 
in reading the colorimeter compared with titration. Careful quantitative tech- 
nic is still essential to consistent results. There is no advantage to be gained 
by having a battery of more than 5 sets of apparatus, wdth which little difficulty 
is experienced in running ten determinations an hour. 

The simplicity of the procedure recommends it for medico-legal work, while 
its accuracy is adequate for research purposes. 

SUMMARY 

The concentration of alcohol in solutions may be accurately determined by 
vacuum distillation of the sample off of anhydrous sodium sulphate at a tem- 
perature of 50 to 55 degrees C. into a solution of potassium dichromate in strong 
sulphuric acid, and the determination of the amount of dichromate reduced by 
photoelectric colorimetry. 
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The general object of the series of papers of which this is the first is to investi- 
gate the relationship between the chemical structure and pharmacological 
activity of compounds which have a digitalis-like action on the heart. The 
most numerous and important group of these substances are the cardiac gly- 
cosides, which are related in chemical structure to the sterols. This group 
includes the active principles of digitalis, strophanthin, and squill. All the 
members of the group contain an imsaturated lactone ring in the molecule, and , 
it is well established that modification of this structural feature leads to a great 
diminution or even extinction of the activity. It thereforebecomes of consider- 
able interest to examine how far it is possible to reproduce the cardiac activity 
of the natural unsaturated lactones in synthetic compounds containing the same 
apparently essential structural feature. The unsaturated lactones are not a 
particularly accessible group of compounds and until recently only a compara- 
tively small number had been synthesized and investigated chemically. Phar- 
macological examination of some of the simpler members of the group had failed 
to reveal any cardiac activity (1). 

It is shown in the present paper that, under suitable experimental conditions, 
unsaturated lactones of quite simple structure have a definite and reproducible 
pharmacological effect on the frog heart. The same general result has been 
reached simultaneously and independently by Chen, Elderfield, and their 
collaborators, using a different technique (see the following paper). We are 
indebted to Drs. Chen and Elderfield for their friendly coSperation in this matter. 

In pursuance of the general objective of our work a considerable number of 
unsaturated lactones have been prepared. In the present paper we describe the 
results obtained from only four of these, whose effects on the frog heart have been 
investigated by the methods described in this paper. These are the substances: 


CH2~-CH=C— CHj 

Ao A 

(I) ffy-angelicalactone 


CH=CH— CH— CHj 

I I 

CO 0 

(H) ajS-angelicalactone 


> This work was done under the auspices of the University Committee on Pharmaco 
therapy. 

! Fellow of the Rockefeller Foundation. 
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CH=CH-CH— CHiCOjH CH=CH— CH— CHjCO.CH. 

io ^ — 0 CO- — (!) 

(HI) Crbtonolactone 7 -acetio acid (tV) Methyl ester of (III) 

The two angeiicalactones are well known substances, and W’erc prepared by 
standard methods. To avoid any ambiguity in nomenclature we shall refer to 
them in the manner shown above, in which the prefix indicates the position of 
the double bond. The early literature (2) named the ^y- and or^-unsaturated 
lactones the “a-” and lactones, respectively. These arbitrarj' and con- 
fusing prefixes had better be discarded. 

The other two compounds are new- The lactonic acid (III) is a carboxy 
derivative of a0-angelicalactone, and (IV) is its methyl ester. Tlie lactonic acid 
was prepared from cts-cis-muconic acid (3) by lactonization with sulfuric acid. 
It is a beautifully crystalline solid which melts at 110-3 12®C. It was proved to 
contain one double bond, one free carboxyl group, and a lactone ring. The 



position of the double bond was shown by its chemical reactions and absorption 
spectrum. The methyl ester could be obtained from it either by means of 
diazomethanc or through the acid chloride. It is a crystalline solid melting at 
31®. Tlie synthesis and chemical investigation of these substances were mainly 
carried out by Mr. Bernard A. Orkin. DetaUs ^^^ll be published elsewhere. 

Methods. Our experiments were carried out on frogs (mostly male) of the species 
i2ana pipiens in October, November, and December, 10-11. The isolated frog hearts were 
prepared according to Straub but we used the straight FQhner cannula. The amount of 
fluid in the cannula was 1.5 cc. 

In a series of experiments we used o cannula illustrated in figure 1.* The content of the 
cannula was continuously replaced by dripping fresh solution into it from a Mariotte bottle. 
A constant rate of replacement was necessary in order to get consistent results. Wc chose 


* This cannuK-v was devised and made by Mr. llenry George, Laboratorj’ distant of the 
Department of Pharmacology. 
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arbitrarily a rate of replacement of 2 to 2.6 cc. per minute for the whole of this series of 
experiments. 

In another series of e.xperiments, in order to study the action of the substances upon the 
output of the heart, we perfused the frog heart from the venous side using the method 
described by Biilbring (4). The perfusion fluids were placed in Mariotte bottles and the 
output of the heart was measured from a cannula tied into the left aorta. The venous 
supply was arranged so that the ventricle worked with its maximal stroke volume. The 
opening of the outflow cannula was kept 12 to 15 cm. above the level of the heart. 

The perfusion fluid had the following composition: NaCl, 0.65 per cent; KCl, 0.014 per 
cent; CaClj, 0.011 per cent; NaHCOj, 0.02 per cent. The solution poor in calcium ions 
which was used for some experiments differed from this in that it contained only 0.0055 
per cent CaClj. 

Ethyl alcohol was used as a solvent for the lactones and the lactonic ester. A 5 per cent 
stock solution was appropriately diluted with the salt solution prior to the experiment. 
More concentrated stock solutions were found to show precipitation when the salt solution 
was added. The lactonic acid was sufficiently soluble in the salt solution. As Trendelen- 
burg already observed, alcohol may modify the action of cardioactive substances (5). 
In control experiments we have convinced ourselves that none of the characteristic effects 
ascribed to the lactones could have been produced by the alcohol in the concentrations 
which we employed. 

The hydrogen-ion concentration of all solutions was adjusted to that of the normal salt 
solution and was kept between pH 7.5 and 7.8. The frogs were kept at room temperature 
for at least 24 hours prior to the e.xperiment. All the experiments were conducted at a 
temperature between 23° and 25°C. 

Results. I. The effect of ^y-angeltcalaclone. A concentration of 1:50,000 
of ^J-y-angelicalactone, given once into the Fuhner cannula, caused an increase 
in amplitude of contraction of the isolated heart with little or no change in heart 
rate. The effect lasted for several minutes. Higher concentrations showed a 
similar effect but of longer duration; for instance, 1:10,000 was effective for 
more than one-half hour; below 1:5,000 the period of the increase in amplitude 
was preceded by a short period during which the amplitudes were smaller. This 
depressing effect was probably due in part to the alcohol concentration of 0.4 
vol. per cent or more. With a concentration as high as 1:1,000 (alcohol con- 
centration 2 per cent) extra-systoles and groupings of contractions were not 
infrequent; auriculo-ventricular and sino-auricular block were sometimes ob- 
served. . The effect of a single administration of the lactone could be reversed 
by washing. 

When the solution of the jSy-angeUcalactone was replaced the increase in 
amplitude became more pronounced; if the replacement was repeated often 
enough wdth a suitable concentration the ventricle dilated less and less during 
the diastole, and the heart eventually came to an irreversible systolic standstill 
(fig. 2). In the experiment of figm-e 2 a concentration of 1 : 50,000 was used and 
replaced every five minutes. The increase in amplitude became apparent dur- 
ing the second five-minute period, and systohc standstill was reached 3 hours 
and 25 minutes after the first administration. . . 

With the same concentration, the time required to achieve S 5 'stolic stands i 
was up to a certain limit, inversely proportional to the number of ’ 

Figure 3 shows this relation when a concentration of 1 : 50,000 was used and w 
the time interval between successive replacements ranged from 1 to 60 minu 
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The relation between concentration and speed of action could be studied more 
easily if a continuous replacernent of the fluid was made through the cannula 
described in figure 1 . The result of such an experiment is sho^\*n in figure 4 

> I I I 1 _ 

[I ■ 

Eh 47 47 48 46 4 6 45 46 47 51 

I • « t » i i I ( < • . . i i . I . ( , , . . , . 

>_l { it II I I ( t I I I I I f I ( f I I I ( 

1^ 63 64 64^ 65 6S^ 65 65 65 63 63 62 6| 59 57 55 SI 48 II 

Fig. 2. Fnor, Hkart (Sthaub), FOiiner Cannula 

Betn’cen upper And 



Fio 3. FttOo Hcmit (Strwb) FtiiNEn Cannula 
U platinn bctn-ccn frequency of rcplncemenU of a «olut1nn of ^-r-nnjiclicalaetonc 1 :50,000, 
anti the time taken to protUico systolic standstill. 
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with a concentration of 1 : 25,000. The first effect was an increase in amplitude 
appearing after a latent period of about two minutes. Twelve minutes after the 
beginning of the administration of /J 7 -angelicalaetone the diastolic relaxation 
became less complete, and 20 minutes after tin’ beginning of the administration 
the systolic height of contraction diminished somewhat. The amplitude of the 
ventricular contractions decreased steadilj' and the r'entricle stopped in com- 
plete systole after 42 minutes. 

As can be seen from figure 7, this technique reveals a characteristic relation 
between the concentration of the angelicalactone and the time required to cause 
stoppage of the ventricle. A concentration of 1:1,000 (0.01 molar) brought 
about sj'stolic standstill of the heart within 24 minutes, while 1:1 million 
(0.00001 molar) was approximately the limit of the concentration causing systolic 
standstill. In three experiments wth this concentration one heart stopped in 
systole after 303 minutes, one after 570 minutes, and one had not stopped after 
] 24 hours. 



Fig. 1. Fnoc. Hiurt. C.\nnul.^ of Fig. 1 

The action of /Sy-angelicalactone. Continuous replacement of solution. At sign start 
of the administration of the ^ 7 -lactone 1 •.25,000. Rate of replacement: 2.4 cc. per minute. 
The figures indicate heart rate per minute. A means auricular rate. Time in 30 -second 
intervals. 

Changes in rate with cither of the two methods were not uniform. As a rule 
there was an increa.se in rate when the “systolic” effect became pronounced. 
Usually this was particularly marked in hearts with a low normal rate. The 
rate then dropped again when the ventricle approached the complete systolic 
position. The auricular rate was regular unle.ss very high concentrations were 
used, and as a rule the auricles continued beating for many hours after the ven- 
tricle had stopped. Often the auricular rate (after the systolic standstill of the 
ventricle was reached) corresponded to the normal rate of the heart. Sometimes 
it was lower, as in figure 4. Occa.sional extrasystoles have sometimes been 
recorded, but no atrio-ventricular block has been observed in any of the experi- 
ments which were made with the cannula of figure I . 

If the jSy-angelicalactone was given to a heart which had been beating with 
normal perfusion fluid for some time and .showed a decrease in amplitude a.s 
compared to the initial amplitude, the increase in amplitude was much moic 
pronounced than in a heart freshly prepared. The same was observed w en 
concentrations of alcohol up to 1 per cent had acted upon the heart and 
markedly decreased the amplitude of the ventricular cxcui-sion. If a heait was 
beating on the Tuhner cannula with salt solution poor in calcium ions an ic 
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characteristic decrease in amplitude had been established, the administration 
of angelicalactone either restored a normal amplitude or at least markedly in- 
creased it. 

That this action of the lactone improved the heart and enabled it to increase 
its stroke volume could be demonstrated by perfusing the heart from the venous 
side and measuring its output/ Figure 5 represents such an experiment. With 
normal perfusion fluid the output of this heart ranged between 10 and 7.5 cc. 
per minute; the rate decreased from 59 to 43 per minute during the period previ- 
ous to the shift to the calcium-poor solution. The stroke volume, however, 
did not change; it ranged between 98 per cent and 102 per cent of the average 
normal stroke volume of 0.177 cc. Perfusion with the solution poor in calcium 



did not further change the rate, but the output dropped sharply to between 4 
and 4.3 cc. per minute, a decrease in stroke volume to 54 to 6G per cent of the 
normal. After the perfusion with ^y-angclicalactonc 1 :500,000 in calcium-poor 
solution had started, the output increased within two minutes, and within one- 
half hour reached 10 cc. per minute, the highest value obser\-ed in the prelirainarj' 
control period. For about one hour after this the output stayed between 10 and 
11.0 cc. per minute, then began to drop, and gradually decreased to reach zero 
1^ hours later. During the initial phase of the increase in output, which lasted 
for about 45 minutes, the heart rate increased gradually from 43 to 05, while 
simultaneously the stroke volume rose to 90 per cent of the normal volume. In 

* Some of these experiments were tnndc by Dr. G. Montes. 
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the second phase, which lasted about 30 minutes, no further change in rate oc- 
curred, while the stroke volume reached normal values. The output, 10.5 to 
11.6 cc. per minute, was above the normal because of an increase in rate. In 
the third phase the output dropped gradually to less than 1 cc. per minute. As 
there was only a decrease, in rate from 65 to 52 during this period, a marked 
diminution of the stroke volume was responsible for the decrease in output. At 
the beginning of this phase the heart assumed a more systolic position and sub- 
sequently lost more and more its ability to dilate during the diastolic period. 
Eventually the ventricle ceased to dUate and the heart gave the familiar ap- 
pearance of the frog heart in situ in systolic standstill, with the auricles full of 
fluid and still beating but unable to empty themselves into the ventricle. Dur- 
ing this terminal phase the amide beat regularly at a rate of 40 per minute. 
If larger doses were given (1:200,000 to 1:50,000) the period during which the 
) heart was able to work with undiminished stroke volume was cut short much 
sooner by the ensuing toxic action. With a concentration of 1:50,000, for 
instance, this period lasted only about 5 minutes and the ventricle stopped in 
systole 30 minutes after the beginning of the administration of the iSy-angelica- 
lactone. 

2. The effect of a^-angelicalaclone, laclonic acid {III), and lactonic ester {IT). 
The ord-angelicalactone had qualitatively the same action as the iSy-lactone. 
Like the latter it produced an increase in the amplitude of contraction which was 
particularly pronounced if the heart was hypodynamic. Figure 6 illustrates this 
action on a heart beating with a solution poor in calcium. When administered 
the first time (see upper cmve of fig. 6) the effect upon the amplitude of contrac- 
tion became apparent after 1 minute, and full effect was obtained within 15 
minutes. To subsequent administrations the heart did not react so quickly, and 
several replacements of the same concentration were sometimes necessary to 
obtain a marked effect. (See lower curve of fig. 6). 

As with /Sy-lactone, systolic standstill of the heart could be obtained if the 
afi-lactone solution was replaced often enough or administered long enough to 
the heart, but there was a marked quantitative difference between the /Sy-lactone 
and the a^-lactone. This is obvious from a comparison of the concentration- 
time relation for the systolic standstill as shown in figure 7. The a^-lactone is 
considerably less potent than the ^y-lactone. 

Figure 7 also shows the time concentration curves for the angelicalactones as 
compared with digitoxin and g-strophanthin using the same method. Taking 
the limit molar concentration of /Sy-lactone capable of producing systolic stand- 
still as 1, that of the a;8-lactone is equal to 10, while those of digitoxin and 
g-strophanthin would be of the order of 0.026 and 0.017 respectively. This 
approximate relation of 50 to 1, if digitoxin is compared with the Pv-angelicala^ 
tone in this fashion, does not hold if the glycoside and the lactone are compare 
in regard to the concentration necessary to produce systolic standstill in a sho 
period of time, for, as can be seen from figure 7, the concentration of ^y-lactone 
capable of producing systolic standstill in approximately 20 minutes is a ou 
500 times as great as that of digitoxin. 
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The higher activity of the /3Y-lactone takes on a special interest in relation 
to the recent discussion of the position of the double bond in the highly active 



Fig. 6. Frog Heart (Straub), POmner Cannula 
At signs below the tracings the normal perfusion fluid was exchanged for the solution 
poor in calcium. At the eigns above the tr.icincs the calcium-poor salt solution was re- 
placed by a calcium-poor solution containing 1:50.000 ftjS-nngcIjcalactone, The figures 
indicate periods in minutes ulion the drum was arresteil Time in lO-second intervals. 
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pared in our own laboratory according to Gilmour’s modification (15) of Thiele, 
Tischbein, and Lossow’s method (16). It therefore appears desirable to examine 
pharmacologically other unsaturated lactones that have become available in 
the course of our chemical investigation. 

The list is composed of twenty-seven compounds as enumerated in table 1. 
Owing to the ease of confusion in nomenclature, their structural formulas have 
been appended. The polymer of p ,7-angelica lactone, prepared and furnished 
by Professor Marvel (17), and nepetalactone, isolated from the volatile oil of 
catnip and generously supplied by Professor S. M. McElvain (18), Department 
of Chemistiy, University of Wisconsin, Madison, were included. The last four 
products in table 1 were made according to the methods of Knoevenagel (19) 
and Linch (20) without alteration. Briefly, the entire group represents deriva- 
tives of 5- and 6-member ring compounds, simulating the side chains of many 
aglycones and toad poison principles, as exemplified below: 



Digitoxigenin 



Bufotalin 


Results m frogs. The simplest test for these substances can be carried 
out in frogs by injection into the abdominal lymph sac. The well-known 1-hour 
method is satisfactory. In our experiments, the temperature of the bath varied 
from 22.5° to 28°C., depending on the atmospheric temperature. Over 90 per 
cent of the frogs were male. The weight of the entire group of animals lay 
between 12 and 37.8 gm., and that of the majority was in the neighborhood of 
20 gm. 

The results were recorded as scrupulously as possible. Only typical systoles 
were marked positive. If the ventricle was in partial systole at the end of an 
hour, it was considered negative. When a compound was found to be active, 
the test was repeated by not only the same investigator, but also another ob- 
server familiar with the procedures, for the sake of confirmation. 

Most of the compounds studied were partly soluble in water, requiring ethyl 
alcohol for complete solution. Particular care was exercised to use the minimal 
volume of alcohol, for control experiments showed that 1 to 2 cc. of 95 per cent 
alcohol injected into the lymph sacs of frogs weighing 24 to 25 gm. occasionally 
caused systolic standstill in an hour. Besides, the depressant action of alcoho 
must also be considered as an undesirable complication. 

At the beginning of the investigation the 16-hour overnight method was tne 
More positive results were obtained. These proved to be non-specific or fa se 
positives, for lethal doses of ephedrine and a derivative of barbituric acid, bm 
unrelated to cardiac substances, also caused typical systolic stoppage. For e 
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TABLE 1 

The formulas of lactones investigated 


CODOVSO 

KinCBEx 


nsocnrui. roxmiL* 

■ 

P, 7 -Angelica lactone (15) (16) 

p 

o 

B 

Polymer of ^, 7 -aiigelica lactone (17) 

1 

' 

■ 

1 

Methyl aconate (21) 

CH*‘OOC’Cn— T 

0 

4 

Blaise and Courtot lactone (22) 

CH,-Cjj-^(CHOi 

0 



CHt 

S 

Nepetalaetone (18) 

CHi'Ot— tCiHt 

Uco 

0 

8* 

1 

^p^Sydroiy-pheoyi-^^ ■^-huteDoiide 

(23) 

1 

' 0 

7 

1 

8-(m-Hydroxy-phenyl)-A“ •'-buteno* 
lide (23) 

OH 

0 

S 

P-(tt-Naphthyl) -A* ■^-butenolide (23) 

oir?” 

9 

i ^-(^-?\aplithy!)-A“ ■^-butenolide (6) 

cxro- 















TABLE 1 — Continued 


coisrouitv 

nuuber 

CHElflCAL NAlfE AND REFERENCE FOR UETHOO 
OF PREPARATION 

STRUCTURAL FORMULA 

10 

Lactone of 21 -hydroxy-A-” •”-nor- 
cholenic acid (10) 



\/CO 

[0] 

11 

a-Pyronc (8) 

/ 

\ 

c 

\ 

o 

o 

12 

5-Methyl-a-pyrone (8) 

CH,-C 

0 

0 

13 

5-Ethyl-a-pyrone (8) 

C.HrC 

/\ 

\J 

0 

CO 

14 

4,ff-Dimethyl-a-pyrone (24) 

( 

CHvCl 

C-Cl 

0 

a> 

0 

15 

a-Pyrone-C-carboxylic acid (25) 

HOOC-( 

p 

0 

CO 

16 

Coumalyl aldehyde (23) 

0 

\ 

c-c 

/ 

H 

1/ 

0 

CO 

17 

Methyl coumalate (9) (26) 

CHrOOC 

•Cj 

\/ 

0 

jeo 

18 

6-Mcthyl-methyl coumalate (9) 

CHs-OOC-C|| 

1 




















TABLE 1 — Concluded 


COMPOUND 

NUUDCt 

CacUICAl. NAME AND lETESPKCE POB VZTBOd 

OP PBCPABATtOH 

snucruBAi pobmula 

19 

Ethyl counialate (20) (27) 

i 

C,H,-00C-C|/N 

{Jco ■ 

0 

20 

1 180 -Ilutyl coiimalato (23) 

C,H,-OOC-c/^ 

0 

21 

i 

1 

Benzyl coumalatc (23) 

C4t.-CH,-00C-C<^. 

IJco 

0 

22 

4, 5-EimcthyLo-pyronc-5 •carboxylic 
acid (24) 

C-CH, 

' HOOC-c/'S 

CH.-ol Jco 

0 

23 

fl-Mcthyl*5-(w-ncetoxy)-accto-a*py- 
ronc (9) 

CH.iCOO-CH, .00-01^% 

cHi-dJco 

0 

24 

1 

5-Amino-coumarin (20) 

(XX"' 

1 0 

25 

5-AcctyI-nmiiio-cuumurin (20) 

i^'V^C-NH-COCH, 

0 

26 

S-Acclyl-coumarin (19) 

f^'Y^\c-CO-CII, 

UU“ 

0 

27 

Oxime of 5-acelyl-coumarm (20) 

1 /'Y^Nc-C(;NOII)-CII. 

0 
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study of new compounds, this method is unsuitable. It was therefore quickly 
abandoned in our laboratory.' 

TABLE 2 


ActivUy oj 5 compounds in frogs 



BlGOESr 

AlCOEOL 


NUMBER 

NUMBER OF 

COMPOUND 

CONCCNTBATION 

BY 

DOSE 

OP TSOGS 

BEASTS IN 


USED 

VOLUME 


INJECTED 

SYSTOLE 


per cent 

^er cent 

msm. Per 
gn. 






1.0 

10 

0 




1.5 

10 

0 




1.75 

10 

0 




2.0 

20 

2 

/3,7-Angelica lactone 

10 

23.75 

2.25 

2.5 

9 

IS 

.4 

1 




3.0 

23 

9 




3.5 

13 

9 




4.0 

15 

12 

/ 



5.0 

11 

9 



f 

<1.35 

1 

0 

^-03-Naphthyl)-A “•Abutenolide 

< 4 (satur- 
ated) 

95.0 1 

<1.66 

<1.73 

1 

1 

1 

1 



i 

<2.08 

1 

1 




0.03-0.07^ 

4 

0 




0.12 

1 

0 

Lactone of SI -hydroxy -A’” ■ “-nor- 

0.4 

66.5 

0.14 

1 

0 

cholenic acid 

0.21 

2 

1 




0.25 

1 

1 


1 


0.38 

1 

1 




0.3 

5 

1 




0.4 

5 

1 




0.5 

20 

5 




0.6 

25 

10 




0.7 

25 

14 

Methyl coumalate 

5 

28.5 

0.8 

25 

14 




0.9 

25 

16 




1.0 

25 

16 




1.1 

10 

5 




1.2 

10 

1 




0.5 

5 

0 




0.6 

5 

1 



28.5 

0.7 

5 

2 

Ethyl coumalate 

5 

0.8 

5 

2 




0.9 

5 

3 




1.0 


4 


Out of 27 compounds, 4 showed definite, and one suggestive activity bj 
hour frog method. The results are summarized in table 2. At oug i 
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potency of these substances does not approach that of the aglycones, strophan' 
thidin, digoxigenin, digitoxigenin, and calotropagenin (28), at least two of them 
are superior in action to the natural glycoside uzarin (14). On perfusion into 
the inferior vena cava, the sj’stolic contracture of the ventricle, as shown in 
figure 1 , was not as extreme as that familiarly induced by ouabain. The tracings 
are more like those produced by perfusion with uzarin and certain aglycones. 
Direct inspection of the heart an hour after injection of a sufficient dose, hoAv- 
cver, revealed an unmistakable picture of the effect, the ventricle being A\hitc 
and tightly contracted and the auricles widely dilated. 

With 0 , 7 - angelica lactone, G separate assays were carried out on two different 
samples, one furnished by Professor Mar\'el and the other prepared by ourselves. 
The results show a consistent trend; consequently, they are combined in tabic 2, 
The median systolic dose computed from this set of data is 3.23 dr 0.15 mgm. per 
gm. The doses employed in a previous study (14) were less than 2 mgm. per 
gm., which accounts for the discrepancy. 



Figure 1. Tub Actio.s of .-v-Angelica Lactome (Laoelleo a'ANCELiCA L.actone) 
AKD Etiivl Coumalate o.s the Frog’s Heart bv Perfusion into the 
Inferior Vena Cava 

The results of /J-OS-naphthyO-A^-^-butenolidc are less certain, because they 
are complicated by the high content of alcohol. However, according to our 
experience, less fabc po'iitivcs occur than with alcohol alone. It was therefore 
proposed that the product had a suggestive activity. 

With the lactone of 5/-hydroxy-A^-"-norcholenic acid, claim for its ac- 
tivity can probably be made with greater security, because none of the five 
control animals receiving amounts of alcohol equivalent to tho‘«e present in 
the highest dose of the drug developed systolic standstill. Oiring to the small 
quantity available, no extensive studies were carried out. The positive finding 
in this case, houever, is of particular interest, liccause the compound having a 
steroid ring Is closc.st to the .structure of aglycones in our series. 

Methyl coumalate has a definite action on the frog’s heart. The same was 
obscrA’cd by Professor McKcen Cattcll (29), Cornell University Medical College, 
New York City. Results from G a-ssays, combined in table 2, indicate that the 
optimal doses lie between 0.7 and 1 mgm. pergm. The reason why quantities 
larger than 1 mgm. per gm. became less effective must be left for future ex- 
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planation. Ethyl coumalate, like the methyl derivative, produced systolic 
arrest. The results are comparatively more consistent, permitting the computa- 
tion of the median systolic dose, 0.81 ± 0.06 mgm. per gm. 

The remaining 22 compounds proved to be inactive as sho^vn in table 3. This 
conclusion, however, should be conditioned by the fact that 12 of them were 
tested in doses less than 1 mgm. per gm. Such small dosage was necessitated 
by either the limited solubility of the compound or the small amount of the 
material available. 


TABLE 3 


Compounds showing no activity in the doses employed 


COMPOUND NUMBER 

HIGHEST CONCENTRA- 
TION USED 

ALCOHOL BY VOLUME 

NUMBER OP FROGS 
INJECTED 

LARGEST DOSE 
EMPLOYED 


per cent 

Ptr cent 


nifn. Per trn. 

2 

4 

23.75 

5 

4.60 

3 

4 

28.5 

9 

5.19 

4 

4 

38.0 

5 

4.91 

5 

4 

52.25 

8 

• 5.63 

G 

1 

85.5 

5 

0.99 

7 

0.5 

47.0 

8 

0.36 

8 

0.5 

57.0 

8 

0.38 

n 

3.5 

14.2 

20 

1.79 

12 

4 

0 

20 

1.87 

13 

3 

28.5 

20 

1.3S 

14 

1 

9.5 

10 

o.k 

15 

1 

14.25 

10 

0.59 

IG 

5 

47.5 

5 

4.88 

18 

1 

14.25 

10 

0.59 

20 

5 

57.0 

5 

5.21 

21 

5 

85.5 

3 

1.67 

22 

1 

14.25 

10 

0.55 

23 

1 

14.25 

10 

0.45 

24 

0.5 

76.0 

8 

0.41 

25 

0.5 

57.0 

8 

0.36 

2G 

0.5 

66.5 

13 

0.51 

27 

0.5 

57.0 

13 

0.49 


Results in cats. No preliminary investigation on a digitalis-like drug can 
be said to be adequate until a study in warm-blooded animals such as the cat 
has been made. The latter gives rise to additional information not easily ob- 
tainable in frogs. First of all, there are characteristic changes on the electro- 
cardiogram. Secondly, all the known glycosides when rapidly injected by vein 
raise arterial blood pressure followed by a sudden circulatory collapse if a lethal 
dose has been administered; and thirdly, they cause nausea and vomiting m 
non-anesthetized cats after intravenous injection of suitable doses. 

■ Tw’o etherized cats were injected intravenously with a 4 per cent solution 
of 7 -angelica lactone at the rate of 1 cc. per minute. An amount of 10.45 per 
cent alcohol was present. As customary in our previous studies (30) on car lac 
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substances, electrocardiograms were obtained periodically during the course of 
injection. One animal succumbed to a dose of C17 mgm. per kgm., while the 
other survived one of 330 mgm. per kgm. With the exception of the end point, 
the results were similar. A few selected tracings from one animal arc shown 
in figure 2. There occurred gradual slowing of heart rate, prolongation of 




■5 


Figure 2. Action or /SjT-Ancelica Lactone {Ijabeli.ed a-AsoEUCA L.actone) on the 
Cat’s Heart 

Cat, male, MeiRliiiiR 2 59G kBin., was ancstlietirrd by ether fl-ir.AriRelica lactone in a 4 
• ' *■ I » ji f- - — » cin «t tno rate of 1 cc. per minute. A total 

"II, hut only 7 selected tr.TCinizs are shown 
■ ■ id 6 I second, and ordinates in 0 0001 and 

■■ igm. per kRm. 


P-7? interval, and flattening of the T-wavc. The reduction of heart rate may ho 
partly attributed to alcohol. Conspicuously absent were ectopic rhythm, 
secondarj’ tachycardia, and in the case of the cat receiving the larger <lQ«e, 
ventricular fibrillation at the point of death. .\s a whole, the electrocardio- 
graphic changes arc not sufficient to ronstituic an unequivocal evidence for 
digitalLs-liko action. ^, 7 -/Vngelica lactone must l>c considered, therefore, devoid 
of such an action in cats. 
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coumalate in a 2 per cent solution was similarly administered in tw( 
cats at the rate of 4 cc. per minute. The alcoholic content was 13.25 per cen 
by volume. One animal died with a dose of 396 mgm. per kgm. while the othei 
remained alive after 168 mgm. per kgm. Electrocardiographically, the T-wavf 
became flattened, and later diphasic. In one case, it was ultimately inverted 
There was a slight prolongation of the P-R interval. In the cat receiving thf 
lethal dose, the P-wave dipped doRmward at a few places, and disappeared al 
the end. The heart rate progressively diminished frond 214 to 37 per minute 
In the other animal receiving the smaller dose, the sinus rhythm continued 
throughout, and the heart rate decreased from 191 to 155 followed by accelera- 
tion to 200 per minute. 

One cat was emplo3'ed for the electrocardiographic studj' during the injection 
of a 4 per cent solution of ethjd coumalate in 20.9 per cent alcohol bj”^ volume, 
at the rate of 2 cc. per minute. The quantitj' required to kill that animal was 
385 mgm. per kgm. Death was not due to alcohol because in control animals 
it took twice the volume of the solvent to kill. Gradual slowing of the heart 
rate, slight lengthening of the P-R interval, and nodal rhythm occurred. The 
alterations caused by both methj’l and ethjd coumalates lacked the appearance 
of ectopic rhythm, multiple foci of impulse formation, aberrant QRS complexes, 
secondarj" tachj'cardia, and terminal ventricular fibrillation, which have been 
consistently observed with numerous digitalis-like principles investigated in 
the same manner. 

Five other cats, anesthetized with ether, were used for blood pressure studies. 
Thej' weighed approximately 2.6 kgm. each. /S,7-Angelica lactone, methjd cou- 
malate, or ethjd coumalate, in the do.se (total) varying from 40 to 300 mgm., 
rapidly injected into the femoral vein, produced without exception a pure fall 
of blood pressure. Injections of the alcoholic solvent without the drug in the 
same volume resulted in a slight lowering of pressure, so that the effect observed 
was chiefly due to the medication. 

,7- Angelica lactone was injected intravenouslj’- into three other non-anes- 
thetized cats. A dose of 100 mgm. per kgm. caused convulsions but no emesis, 
one of 75 mgm. per kgm. was followed by salivation and defecation, while that 
of 50 mgm. per kgm. was ineffective. Methyl coumalate produced tonic con- 
vulsions in a cat wdth a dose of 75 mgm. per kgm., and tremor in another with 
that of 100 mgm. per kgm. Ethyl coumalate killed one cat \vith a dose of 100 
mgm. per kgm., but 75 mgm. per kgm. in another caused prostration, followed bj' 
tremor, for over 2 hours. Again no vomiting occurred with either compound. 

SUMMARY 

1 Twenty-seven unsaturated lactones related to cardiac aglj'cones have been 

studied pharmacologically. . 

2 ^ ,-y-Angelica lactone, the lactone of ;2/-hj’droxy-A20-2=-norcholenic a , 
methyl coumalate, and ethyl coumalate, cause systolic standstill of frogs’ ven- 
tricles when adequate doses are injected into the ventral Ijunph sac. p-( 
Naphthylj-A-'^-butenolide has a suggestive action. 
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3. In cats, /3 , 7 'angelica lactone and methyl and ethyl coumalates all produce 
a fall of blood pressure and fail to induce emesis. Electrocardiographically, 
no ectopic rhj'thm, multiple foci of impulse formation, various forms of aberrant 
QRS complexes, and terminal ventricular fibrillation occur as the lethal dose is 
slowly approached. The evidence in cats is therefore not indicative of. any 
digitalis-like action of the three substances. 
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The use of curare as a drug for clinical and experimental purposes has been 
increasing in recent years (1). One deterrent to its wider use, however, has been 
its lack of chemical uniformity. Several workers have concerned themselves 
with the purification and fractionation of curare, among whom King (2) is out- 
standing. Much of this work, which is costly and time-consuming, has involved 
the isolation of individual alkaloids which make up part of the curare complex. 
It seemed to us that the development of some method of purification that would 
improve the crude curare as prepared by the Indians of South America and yet 
would not be as elaborate as the methods of Eung and others, would be of value. 
We have preidously used liquid ammonia (3) as a solvent, dispersing agent and 
extractive for other biochemical compounds, and these methods have been ex- 
tended to the study of curare. Preliminary tests showed that curare was not 
inactivated by contact with liquid ammonia for 48 hours. A progress report (4) 
of this work has been made. ' 


Methods. The anhydrous liquid ammonia (Mathieson) used in this work was chemi- 
callj' pure and did not require drying, and the curare (Merck) and the glycine (Pfanstiehl) 
were not subjected to any special drying. However, the reactions were carried out m a 
closed system of Dewar flasks and the excess ammonia gas was permitted to escape through 
a mercury seal in order to prevent the admittance of air and moisture. K considerable 
amount of moisture will condense upon the walls of an open flask containing liquid ammonia 
since the latter liquid boils at a temperature of — 33.4°C. The filtrations were made through 
sintered glass filters enclosed in the Dewar flasks. The closing of the outlet on the reaction 
flask and the opening of the outlet on the receiving flask ordinarily created enough pressure 
to force the extractive liquid through the sintered glass filter, which was contained in the 
reaction flask, and to allow it to flow into the receiving flask. If more pressure was needed 
to hasten the filtration ammonia gas from the large ammonia cylinder could be admitted to 
the reaction flask. Excessive pressures within the glass system were not used since they 


are dangerous and otherwise undesirable for filtrations. 

The bioassays of the various derivatives were made upon frogs, and the injections were 
made into the ventral lymph sac. A unit of paralyzing power for purposes of comparison 
was taken as that weight of ammonia-treated curare of a derivative that will paralyze m 
15 minutes the righting reflex of a 10 gm. frog so that the animal cannot recover its noma 
position within one minute. The aqueous solutions or dispersions were made up o a 
strength of 2% in terras of curare which had first been placed in liquid ammonia and 
latter then permitted to boil away; therefore, 0.05 cc. would contain 1.0 mgm. of the trea e 
curare which was the amount found necessary to paralyze a 10 gm. frog under the con ^ 
♦ions stated. Therefore, 1 mgm. of treated curare equalled 1 unit of 
for the batch of curare which was used in all of these experiments. Thus 
A B and C, wherein 0.05 cc. of A would paralyze a 10 gm. frog or 0 1 cc of B 
a’20 frog or 0.15 cc. of C would paralyze a 30 gm. frog would all be considered of 
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strength. However, if 0.05 cc. of a fourth solution D would paralyze a 20 gm, frog, then 
solution D would be considered of double strength. Since medium sized frogs of about 20 
gm. weight were used, an injection of 0.1 cc. of a new derivative would quickly show whether 
or not it was relatively stronger or weaker than the curare controls. Other comparisons 
such as milligrams treated curare per kilogram frog can be used, and in cases A, B and C 
the ratio is 100. For D the ratio wo\dd be 50. These are average values for several dozens 
of frogs and for the particular batch of curare used. Not less than 6 frogs were used for any 
assay. It should be remembered, of course, that each batch of curare must be standardized 
Or assayed separately. The present batch of amraonia'treated curare then assays 1.0 mgm. 
« 1.0 unit of paralyzing power or a mgm./kgm. ratio of 100. The curare itself has a ratio 
greater than 100 as will be shonm in tbe following pages. 

Eesults. When 100 ingm. of curare are added to 5 cc. of distilled water, or a 
concentration of 2%, it forms a greenish-brown suspension that is fine enough for 
injection, but which settles out on standing. However, if the curare has first 
been treated with liquid ammonia, the ammonia allowed to boil off and any re- 
maining ammonia gas removed by a vacuum pump, it will either go into solution 
in water or form a very fine dispersion, which is stable for several hours. This 


TABLE 1 


CVlAJt eZIWATTVtS AKD CKTltATEl) CVlUB CO^^nOL 

ACn^TTY WHO 

ucu or psro/KOU. 

Dr noo 

1. Curare placed io liquid ammoQia for 24 hours . ... 

100 

S. Curare untreated (control) 

150 

3. Curare plus glycine placed in liquid aramonia for 21 hours . . . 

90 

4. Curare plus glycine, soluble fraction passing 3G filter 

90 

5. Curare plus glycine, insoluble fr.action Ocss than 5%) 

800 

6. Curare, soluble fraction passing 3G filter . 

900 

7. Curare, insoluble fraction not passing 3G filter . ... 

50 

8. Curare, insoluble fraction not passing 3G filter, plus glycine 

25 


ammonia-treated curare colors the water a burgundy red. The greater solubility 
of the treated material is apparently accompanied by a better absorption which 
is equivalent to an increase in potency of 30%. This can be shown better by the 
ratios. The ammonia-treated curare has a ratio of 100, since on the average, a 

2 

20 gm. frog was paralyzed by 2 mgm. of treated curare and = 100. For the 


curare controls 0.15 cc. of 2% curare (3 mgm.) was required to paralyze a 20 
gm. frog and = 150. Or 2 mgm. of ammonia-treated curare had the same 


effect as 3 mgm. of untreated curare in paralyzing a 20 gm. frog. 

Since curare is somewhat soluble in liquid ammonia, ginng to it an amber color, 
it seemed advisable to fractionate it and to test the potency of the soluble and 
insoluble fractions. Tliis was done, using a Jena 3-G sintered glass filter as 
described above. It was found that four 100 cc. extractions on a 0.5 gm. sample 
removed C3.5% of it, and that the fraction of curare soluble in the liquid ammonia 
formed a black and shiny plate on the vrall of the receiving Dewar flask, while the 
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insoluble fraction remained as an amorphous, very porous, tan-colored powder in 
the Dewar reaction flask. The activity of the two fractions varied considerably, 
most of the acthdty remaining in the fraction which W’as insoluble in liquid am- 
monia but soluble in water. An injection of 0.9 cc. of the fraction which was 
soluble in both liquid ammonia and w'ater was required to paralyze a 20 gm. frog 
within 15 minutes. This corresponds to a mgm./kgm. ratio of 900. The in- 
soluble fraction has a mgm./kgm. ratio of SO. 

liTien an equal weight of glycine is added to the curare, and a fractionation is 
carried out as described above, 95 per cent of all of the material in the reaction 
flask is removed b 3 ^ one extraction onlj*. This material has a mgm./kgm. ratio 
of 90, which ratio can also be obtained by simply adding glycine to curare in 
liquid ammonia and no filters used at all. The small amount of insoluble ma- 
terial left had a high ratio of 800. The glycine has a remarkable effect in making 
the activ'e alkaloids of curare soluble in liquid ammonia. (See table 1.) 

In view of the above facts it was decided to extract the curare with liquid am- 
monia first, thus removing more than 50% of inert, tar-like material contained in 
it, and then to treat the insoluble, but highly active, tan-colored powder with 
glj'cine. This was done, and an extremely potent and wmter soluble derivative 
was obtained. The mgm./kgm. ratio of this material was 25. It was six times 
as potent, mgm. for mgm., as the curare control used in this work. Further- 
more, it seems to have a more prolonged paral 3 ’'zing power and to be less toxic 
than curare. Ordinarib’^ a frog which receives enough curare to prevent the 
righting reflex after 15 minutes will remain paralyzed for 18 to 48 hours and 
about 10% of them will die. However, the conjugate just described will, under 
the same conditions, paralyze a frog for 48 to 120 hours with less than half as 
man 3 '^ frogs failing to recover. 


SUMM.ARY 

1. Liquid ammonia does not inactivate curare b 3 ' remaining in contact with it 
for 48 hours. 

2. Curare which has been treated ivith liquid ammonia forms a much finer 
dispersion in water than does untreated curare. 

3. Curare can be fractionated in liquid ammonia by the use of sintered glass 
filters with the removal of more than 50% of inert material. 

4. The insoluble fraction of curare in liquid ammonia when treated with 
glycine becomes more potent, prolonged in action and less toxic than curare. 
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The defects in the commonly employed methods for the microdetermination 
of bismuth in biolopcal material led us to undertake the development of a more 
adequate analytical technique for clinical and experimental studies, the primary 
objective being to devise a method which is more specific, more sensitive, and 
less laborious. The method proposed by Leonard (I), and subsequently modified 
by Hanzlik (2), has been most generally employed. However, we observed 
that this technique will yield high results when iron is present in quantities 
usually found in blood and other tissues. An appreciable error is introduced 
when one deals with the small quantities of bismuth present in blood even after 
bismuth therapy. The photometric dithizonc method proposed by Hubbard 
(3) is specific and sensitive, but is too time-consuming for routine analyses 
because of the repeated transfers of the specimen and tbe necessity of preparing 
standard dithizone solutions. 

The proposed method is an adaptation of the technique for the determination 
of lead reported by Kozelka and IGucheslqr (4, 5). Bismuth can be determined 
quantitatively with a single extraction in the presence of interfering metals. 
The method is sensitive to one microgram and has proved reliable for all ranges 
of concentrations likely to be encountered in biological material. The greatest 
difficulty encountered in the determination of lead or bismuth with dithizone 
is the quantitative separation of these two metals. Willoughby, Wilkins and 
Kraemer (6) suggested adjusting the solution containing the lead and bismuth 
to pH 2 and extracting the bismuth with an excess of dithizone. Gant (7) 
(‘bserved that bismuth is extracted with difficulty at pH 2 but that very little 
remains in the aqueous phase at this pH when present as a ditluzonate. He 
suggested separating the lead from the mixture of lead and bismuth dithizonates 
with a nitric acid solution of pH 2. These observ'ations were confirmed in this 
laboratory. It was found that bismuth in the presence of the salts in biological 
digests is extracted with ^fficulty at pH 2 to 2.5, but that a quantitative extrac- 
tion can be effected from a nitric acid solution in tliis pll range. A quantitative 
separation of the bismuth from the lead can be obtained by stripping the lead 
from the mixture of lead and bismuth dithizonates with a nitric acid solution 
of pH 2.3 to 2.5. 

Beaffenfa and apparatus. Sulfuric add, concentrated. Nitric acid, concentrated. Hy- 
drochloric acid, concentrated. Perchloric acid, CO per cent. Sulfur dioxide, obtained in 
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imeter are given in table 1. The values for the eleven points on the ordinate axis 
for the 5200 A. readings, xvith the corresponding 6600 A. values, are given for 
zero and thirty micrograms of bismuth. After the curves have been dram 
through the points with the same 6600 A. values, the spaces between these curves 

TABLE 1 


Logarithm values of galvanometer readings with the Evelyn photoelectric colorimeter for zero 
and SO micrograms of bismuth (with increasing quantities of dithizone) 



UICSOGSAUS or SI5UUTH 

Logio OF 6600 A. 
riLTER READINGS* 

0 

30 

Logio of 5200 A. filter readings 


1.370 

■nm 

with increasing amounts of 


1.340 


dithizone 


1.310 




1.282 

1.75 


1.845 

1.252 

1.70 

1 

1.818 

1.220 

1.65 


1.788 

1.1S8 

1.60 


1.756 

1.152 

1.55 


1.720 

1.112 

1.50 


1.682 

1.071 

1.45 


1.644 

1.030 

1.40 


• Each logarithm of 6600 A. reading corresponds to logarithms of 5200 A. readings tor 
the various quantities of bismuth. 



Fig. 2. Transmission of Light Through Dithizone and Bismuth Dithizonate at the 

Various Wave Lengths 

are subdivided into five equal parts. Each subdivision represents a 0.01 varia- 
tion in the 6600 A. value. It will be noted in figure 2 that the maximum abs^- 
tion of light by the bismuth dithizonate occurs in the region of 5000 
filter employed is centered at 5200 A. but covers a range from 4950 A. to 5500 
and therefore serves the purpose adequately. 
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TABLE 2 


Recoveries 0 / knovm amounts of bitmutk (/rom wiuOons confoimnff known amounts of lead) 


HAD ADDED 1 

Bisinna ADDED 1 

kisucTS roDNo 

MVIATIOU 

mittes'ams 1 

miucttans \ 

mieretroms 

fniemtramt 

20 1 

0 1 

0.5 

+0.5 

20 

0 1 

0.3 

+0.3 

20 

0 ! 

0.2 

+0.2 

20 

10 ' 

9.6 

-0.4 

20 ! 

10 1 

0.8 1 

-0 2 

20 

10 

9.9 

1 

-0.1 

15 ! 

10 

9.3 

-0.7 

15 1 

10 

0.3 

-0.7 

15 

10 

0.3 

-0.7 


TABLE 3 


Recoveries of known amounts of bismuth from 10 grams of normal Mood 


HAD rmiMT 

Bistcvra ADDED 

sistnm lEcovuED 

DEVUT 10 N 

M{er«|roiiit 

mufet'smt 

micrttram j 


14 

0 

0.5 ' 

+0.6 

14 

5 ' 

4.8 

-0.2 

14 

2 1 

2 4 

+0.4 

14 

8 

7.9 

-O.l 

14 

10 1 

10.3 

1 +0.3 

14 

12 1 

11 6 

1 -0.4 

14 

IS 

15.0 

0.0 

14 

20 

19 C 

, -0 4 

14 

22 

23.2 

+1.2 

14 1 

25 

26 1 

+1.1 


TABLE 4 


Recoveries of tismulA from 10 cubic centimeters of unne 


LEAD nESENT 

BtSKVTB ADDED 

aiSVDTH UCOVnSD 

DEVUTlO'f 


1 fn{(r«{ramj I 

MlfTAframi 

mictoratt: 

5 

0 1 

0 4 i 

+0 4 

5 

0 ' 

0.4 

+0.4 

5 1 

5 1 

5.7 

+0.7 


5 

4.5 

-0.5 

5 

10 

10.4 

+0.4 


15 

15.5 

+0.5 

5 

20 

20.1 

+0.1 


The accuracy of the nomogram can be tested by extracting knoism quantities 
of bismutli from a coppcr-frcc dilute nitric acid solution, pH 2.3 to 2.5. For 
other types of photoelectric colorimctcra the technique for obtaining the ncccs- 
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sary data for the construction of the nomogram is described by Kozelka and 
IQuchesky (4). 

Results. Representative recoveries of bismuth in the presence of lead from 
pure solutions, blood, and urine are given in tables 2, 3 and 4. It vdll be noted 
that recoveries are obtainable with a mean error of less than one microgram. 
For quantities of bismuth larger than 25 micrograms, a smaller aliquot of the 
digest must be taken or a greater dilution of the bismuth dithizonate extract 
should be emploj’ed. 


SUMMAHY 

A simplified mixed color dithizone method for the determination of bismuth 
in biological material is described. Treatment of the digest with sulfur dioxide 
prevents decomposition of the dithizone by the iron and eliminates tin as an 
interfering metal, hence permits the determination of bismuth with a single 
e-xtraction. The method eliminates the necessity of removing the excess dithi- 
zone or preparing standard dithizone solutions. Consistent recoveries with a 
mean error of less than one microgram are obtainable. 
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PHARMACOLOGICAL AND TOXICOLOGICAL STUDIES ON CETYL- 
PYRIDINIUM CHLORIDE * A NEW GERMICIDE 


R, WARREN, T. J. BECKER, D. G. MARSH and R. S. SHELTON 
Department of Pharmacology, Research Laboratories of The Wm. S. Menell Company, 
Cincinnati, Ohio 


Jacobs and bis coworkers (1, 2, 3) in 1916 reported results of a systematic study 
of sjmthctic germicides in which they pointed out that quaternary ammonium 
salts possessed germicidal properties. In view of their therapeutic possibilities, 
a large series of compounds has been S3mthesized and tested in this laboratory. 
The results of these studies have been reported elsewhere (4, 5, 6). One of these 
compounds, cetylpyridinium chloride, gave indications of possessing very good 
germicidal properties and therefore was studied in more detail. 

This compound has the chemical composition CjjHisNCl and the following 
structural formula: 


CH=CH 

H-C^ C„Hi, 

CH— CH Cl 


It is a pure organic compound which occurs as a monohydrate, a white crystalline 
solid melting at 80*C. Cetylpyridinium chloride dissolves readily in water 
(1:5) forming water-clear, colorless, and almost odorless solutions. It is easily 
soluble in alcohols, sparingly soluble in fatty oils, and insoluble in ether. 

The germicidal action of cetylpyridinium chloride, as well as the effect of the 
pH and the cetyl radical upon this action, has been reported previously (4, 5, G, 
7, 8, 0, 10). Using the standard Food and Drug Administration technique, it 
was found that in the absence of serum this compound killed Staphylococcus 
aureus in a dilution of 1 : 65,000 and in the presence of 1 0 percent serum it killed 
the same orgamsm in a 1 : 11,500 dilution. Marked germicidal potency has also 
been demonstrated against other organisms. Detailed reports of these studies 
vdll be presented elsewhere. 

In view of the possible clinical use of cetylpiTidinium chloride as a germicidal 
agent and the fact that only a preliminary study (11) has been reported, it seemed 
desirable to record the results of a more thorough pharmacological and toxico- 
logical investigation. 

ExTEniiiEKTAL STUDIES. Toxicitij, Tbc toxicity studios were of two general 
types, acute and chronic. In the acute tests the toxicity of cetylpyridinium 
chloride was studied following the administration of largo doses by either the 
intravenous, intraperitoncal, subcutaneous, or oral route. These tests w’ere 
carried out on mice, rats, guinea pigs, rabbits, and dogs. Since the toxic effect 
was delayed in many cases, the animals were observed for a period of a week to 


• Ccljipyridinium Chloride ("Ccepryn” brand) produced by The Wm. S. Mcrrcll 
Company. 
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ten days. Rabbits were used in most instances for the acute toxicity studies fol- 
lowing intravenous administration. A 2.5 percent solution of the compound was 
employed and, since the rate of injection affects the results, a constant rate of 25 
mgm. per minute was adopted. The results of these studies are summarized 
in table 1. 

Lethal doses caused either convulsions or depression prior to death. When 
depression was absent, convulsions appeared at the completion of or soon after 
injection and these terminated in death. In some instances the period of con- 
vulsion was followed by depression and the animals died in this state. Some of 
the rabbits did not exhibit convulsions but became depressed immediately fol- 
lowing injection and died. 

The administration of maximum tolerated doses of cetylpjuridinium chloride, 
15-20 mgm. per kgm., produced either convulsions or a depression which was 
accompanied by paralysis of voluntary motion. At times both conditions were 
evident. If the animal survived for 30 or 35 minutes following the injection of 
large doses it usually recovered. Death was caused by asphjuda apparently due 
to paralysis of the respiratory muscles. 

TABLE 1 

Acute toxicity of cetylpyridinium chloride when injected intravenously in rabbits 


dose: ugu./scu. 



IS 

20 

25 

30 

35 

40 

45 

No. of animals dead 

0 

1 

4 

4 

1 

6 

7 

6 

No. of animals injected. 

1 

12 

12 

12 

12 1 

1 1 

1 12 

6 






On the basis of the results obtained it is apparent that the MLD of cetyl- 
pyridinium chloride in these tests is 20 mgm. per kgm. body weight and the 
LDso 35 mgm. per kgm. 

Further studies were made on dogs. A male, weighing 4.85 kgm. received a 
dose of 25 mgm. per kgm. of cetylpyridinium chloride intravenously. Several 
minutes after the injection the muscles of the extremities became partially 
paralyzed. Approximately fifteen minutes later the paralysis subsided and the 
animal appeared normal. 

Three days later another test was made on the same animal. Cetylpyridinium 
chloride in a dose of 30 mgm. per kgm. was administered intravenously. Again 
there was a paralysis of the extremities but the dog recovered rapidly. Thirty 
minutes after the first injection 40 mgm. per kgm. were administered. The ani- 
mal became markedly depressed and exhibited convulsive movements five mm- 
utes after the completion of the injection. Eight minutes after the injection the 
convulsive movements had ceased and the animal attempted to arise but the 
posterior extremities were still paralyzed. Ten minutes after the injection t e 
dog WRS up and soon appeared normal. Within a period of forty-five minu es 
this animal had received a total of 70 mgm. per kgm. of cetylpyridinium chlon e. 
There were no delayed effects and a month later the animal was still normal an 
gaining weight. 
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To determine the of death a female weighing 4.32 kgm. received a large 
amount of cetylpyridinium chloride, lOOmgra. per kgm., mtravenously. Within 
a few minutes the muscles of all the limbs were paralyzed and the animal sank to 
the floor. This was soon followed by paralysis of the respiratory muscles and 
death. 

Studies on the intraperitoneal toxicity of cetylpyridinium chloride were carried 
out on rabbits, guinea pigs, rats, and mice. A 2.6 per cent solution of the com- 
pound was injected intraperitoneally and the animals were observed fora period 
of one to two weeks. The results of these tests are summarized in table 2. 

It v-dll be noted that the toxicity of cetylpyridinium chloride follovdng mtra- 
peritoneal injection was greater than that following intravenous administration. 
A further point of interest was its delayed action when administered by this 
route. The animal often did not exhibit any toxic symptoms for from 6 hours to 
TABLE 2 


Intrav^Tiioneal toxicity of cetylpyridinium ehloridt 


TtSTAKWAL 

1 ucv./ecu. 

3 

i 

10 

IS 

30 

35 

30 

Babbit: 


1 






No. of animala dead 

0 ' 

3 

4 

3 

4 

8 


No. of animals injected 

12 

12 

12 

12 

12 : 

12 


Guinea pig: 


1 






No. of animals dead. .. ■. . ! 

0 

3 1 

6 

9 

11 


11 

No. of animala injected 

12 

12 

12 

12 

1 12 


12 

Bat: 








No. of ammala dead 


0 

0 

4 

3 

7 

9 

No. of amroais injected 

! 

12 

12 

12 

12 

12 

12 

Mouse: 








No. of animals dead ■ . ■ 

2 

1 ^ 

9 

9 

11 



No. of animals injected 

13 

1 12 

12 

12 

12 




3 Or 4 days. After this time some of the animals suddenly became depressed and 
died. Autopsy did not reveal any gross abnormalities; there was no inflamma- 
tion at the site of injection. 

The toxicity of cetylpyridinium chloride was further studied folloning sub- 
cutaneous injection. A 2.5 per cent solution of the compound was again* em- 
ployed and rabbits sei^'ed as the test animals. Obscr\'ations were made daily 
for a period of a week following administration. A summary of the results is 
presented in table 3. The toxic symptoms were delayed and similar to those 
observed following intraperitoneal administration. Death occurred 24 hours to 
6 day's following injection of a fatal dose. Amoimts used in these tests produced 
a marked dehydration of the tissue /ollmvcd by necrosis at the site of injection. 

Rabbits served as test animals for the acute oral toxicity' studies. A 10 per 
cent aqueous solution of cetylpyridimum chloride was used and the animals were 
again obser^'cd over a period of se\’en day's. Tlic rasults are summarized in 
table 4. 



404 


WAEEEN, BECKEE, MAESH AND SHELTON 


Most of the rabbits developed a diarrhea as a result of the administration of 
cetylpyridiniuna chloride in these large amounts. In lethal doses death occurred 
at intervab of one to 6 days. It is apparent that cetylpyridinium chloride was 
much less toxic by the oral route than by any of the other modes of administra- 
tion. 

Experiments were undertaken to study the effect of long continued administra- 
tion of cetylpyridinium chloride in rabbits. For these testS' the animals were 
divided into the following three groups: controls, those receiving 10 mgm. per 
kgm. orally per day, and those receiving 100 mgm. per kgm. orally per day. 

AH the dosages were calculated on the weight of the individual animal at the 
be^nning of the experiment. The results of these tests are based on 6 controls 
and 22 treated animals, 12 of which received a daily dose of 10 mgm. per kgm. 
body weight of cetylpyridinium chloride while the remaining 10 received a daily 
dose of 100 mgm. per kgm. 

TABLE 3 

Subcnlaneous ioxicily of cetylpyridinium chloride in rabbits 


dose: iicu./scu. 



100 

150 

200 

250 

500 

No. of animals dead 

0 

0 

2 

2 

3 

No. of animals injected 

6 

6 

6 

‘6 

6 


TABLE 4 

Acute oral toxicity of cetylpyridinium chloride in rabbits 


dose: uc&i./ecu. 

I 300 

400 

500 

600' 

700 

No. of animals dead 

i 0 

1 

5 

4 

4 

No. of animals injected 

1 6 

6 

6 

6 

6 


The majority of the animals gained weight during the test period. In every 
case where there was a loss in weight this was attributable to a temporary diar- 
rhea. At the end of the four-week period one-half of the animals in the various 
groups were sacrificed and examined for any indications of gross pathological 
charges. Tissue was taken for histological examination. The remainder of the 
animals were allowed to live for another two-week period and then killed and 
examined. There w'as no gross pathological condition which could be attributed 
to the cetylpyridinium chloride. 

None of the tissues with the exception of the hver and kidney presented any 
pathological changes. Many of the liver sections showed varying degrees of 
vacuolization of the cytoplasm of the hepatic cells. This rarefaction of the 
cytoplasm was more or less diffuse and not limited to any particular portion or 
zone of the lobule. Neither was it limited to the test animals but was also pres- 
ent in two of the control animals. It is questionable whether this cytoplasmic 
rarefaction can be considered as the true toxic effect of the compound since i 
appeared in all groups. 
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‘ The kidney sections, like the liver sections, showed a vacuolization of the 
cytoplasm of the cells lining the tubules. This vacuolization was present in 
varying degrees although very slight in most cases. The rarefaction of the 
cytoplasm was apparent to some extent in all of the groups but was more pro- 
nounced in animals receiving the larger dose of the compound. There was also 
some cloudy swelling of the cells of the tubules, but no degeneration of the nuclei 
and no patholopcal changes in the glomeruli were seen. 

The results of these tests indicate that the daily adminifi t.rn.tinn of cetyl- 
pyridiniuin chloride in these doses for a period of four weeks did not have any 
significant harmful or toric effects. 

IrriUition. A number of different t3rpes of tests were made to determine the 
irritant properties of cetylpyridinium chloride. Included among these were 
studies on the effects of varying concentrations of the compound on scarified 
skin, conjunctival mucosa, the mucosa of the urinary bladder, healing, and fol- 
lowing intracutaneous and subcutaneous injection. 

Rabbits were used to determine the effect of local applications to the skin. 
Pads of gauze saturated with varying dilutions of cetylpyridinium chloride were 
appUed to the scarified skin and held in place for a period of 24 hours. A con- 
centration of 1 : 100 or 1:250 produced some reddening of the sHn while greater 
dilutions had no effect. 

' The effect of intracutaneous injections was studied by injecting small amounts 
of varying concentrations of the compound. The amount administered in each 
casewasO.l cc., sufficient to produce a small wheal. A 1:1000 isotonic solution 
produced a small area of tissue dehydration but there was no sloughing. Higher 
dilutions had no effect. 

In further studies solutions of cetylpyridinium chloride were injected subcu- 
taneously into rabbits in a volume of 1 cc. in cach case. The concentrations used 
varied in strength from 1:100 to 1:1000. Two types of solutions were used: 
In one the cetylpyridinium chloride was dissolved in distilled wTiter, and in the 
other the compound was made up as an isotonic solution with sodium phosphate. 
The unbuffered solution in a 1 : 100 concentration caused an area of necrosis at the 
site of injection and some edema when used in a 1:250 concentration. There 
was no effect with higher dilutions. The buffered solution in a 1 : 100 concentra- 
tion produced a slight edema and reddening at the site of injection which disap- 
peared after several days. Higher dilutions produced no imtoward effect. 

The effect of cetylpyridinium chloride on the conjunctival mucosa was stuched 
in rabbits. The mucosa was irrigated with varying concentrations of the com- 
pound for a period of two minuh^. The surplus solution was allowed to remain 
in contact with the mucosa. Unbuffered as xrell as isotonic solutions were em- 
ployed. In general, the isotonic solution appeared to be slightly less irritating. 
A concentration of 1:1000 to 1:3000 of cither solution produced a definite irrita- 
tion of the conjunctival mucosa. If the solution was diluted to 1:5000 there was 
either no or, in some cases, a vety slight indication of irritation. 

A number of tests were made to study the effect of cctylpjTidiniura chloride on 
the mucosa of the urinary bladder of rabbits. The procedure was as follows: 
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10 cc. of an isotonic solution of cetylpyridinium chloride in varying concentra- 
tions vere injected into the bladder by means of a catheter. The solution was 
allowed to remain in the bladder until voided. At various intervals the animals 
were killed and the bladder examined. A concentration of 1:100 produced 
marked inflammation, edema, and congestion of the bladder and external geni- 
talia. This inflammation was still evident three or four days after the irrigation 
A concentration of 1 : 500 produced a slight inflammation of the bladder wall ir 
some animals but had no effect on others. IVlien cetylpyridinium chloride wa' 
injected in a concentration of 1 : 1000 there was no indication of irritation or in 
flammation in any of the animals. 

Since cetylpyridinium chloride produced marked irritation and sloughing ii 
concentrated solutions it was of interest to determine whether it would interfen 
with the healing processes. Rabbits were anesthetized and two incisions, mad( 
under aseptic conditions in the lumbar musculature of each animal. In everj 
case one of the incisions was irrigated OTth a 1 : 1000 solution of cetylpyridiniun 
chloride and the other served as a control. The sides of the incisions •were ap 
proximated by means of several sutures and the animals were observed daily ti 
note the rate of healing. There seemed to be no difference. Animals wer 
killed at varying intervals and a section of the tissue from the site of the inoisioi 
was removed and prepared for microscopic study. The results indicate that thi 
compound did not interfere \vith the healing processes under these conditions 

Effect on (he res'pira.foi'y and cardiovascular systems. A series of preliminar; 
tests were made to determine the effect of cetylpyridinium chloride on respire 
tion and on the cardiovascular system following intravenous administratior 
Dogs were used in these studies and they w-ere anesthetized with sodium pentc 
barbital, 30 mgm. per kgm., administered intravenously. Cetylpyridiniur 
chloride in doses of 1 or 5 mgm. per kgm. had very little effect on the respiratioi 
In a dose of 1 mgm. per kgm. there was a marked bradycardia of central origi 
since it was prevented by atropine. If cetylpyridinium chloride is administere 
in a dose of 5 mgm. per kgm. there is an initial marked increase in the pulse ral 
followed by a more gradual decrease to below normal. 

A series of preliminary tests were made to determine the effect of cetylpyi 
idinium chloride on the blood pressiu-e of dogs. Regardless of the tj'pe ( 
anesthesia or of the dose the blood pressure curve was more or less typica 
There was an initial temporary fall followed by a rise above the normal level ar 
then a secondary drop below normal. Since the primary drop was usual 
present in atropinized dogs and since pithing did not prevent it, it does not a; 
pear to be of central origin. Nicotinization of the dogs, furthermore, did ni 
prevent the secondary rise. 

■ Discussion. Crum, Brown and Fraser (12) in 1869 reported the “curar 
like” action of some quaternary ammonium bases. This same type of action 
also apparent in many of the more complex amines containing a nitrogen atom 

■ the ring, e.g. pyridinium. That cetylpyridinium chloride manifests this “curar 

coomc! to be indicated from the results of a number of the tests. 
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(lose, 15 to 20 mgm. per kgm., a paralysis occurred which spread to the abdominal 
and respiratory muscles. This same type of reaction was observed in dogs fol- 
lo\ving an intravenoas dose of 25 to 30 mgm. per kgm. 

When cetylpyridinium chloride was administered jntraperitoneally to rats in a 
dose of 5 mgm. per kgm. the animals began to exhibit a paralysis in about 12 
minutes. The animals at this time attempted to walk but rolled over on their 
side or back; however, in a few minutes they arose. This procedure was re- 
peated at irregular intervals. The posterior limbs were more affected than the 
anterior ones; the paralysis s(Hjmed to affect the feet first and then to progress 
upward. Regardless of the mode of administration or the test animal, paralysis 
occurred if a sufficient amount of the compound w'a.s administered. 

A central stimulating action of cetylpyridinium chloride was apparent from 
results of some tests on frogs. It is well known that the application of curare 
directly to the spinal cord of frogs produces typical stiychnine convulsions. If a 
small amount, 0.01 cc. of a 1 : 100 solution, of cetylpyridinium chloride is injected 
intracranially in fro^ at the juncture of the cold and brain stem, typical strych- 
nine convulsions result. In control tests similar amounts of a saline solution 
may bo injected without any apparent effect. The results of these tests indicate 
that cetylpyridinium chloride produces a central stimulation as well as a pe- 
ripheral paralysis. 

The increased toxicity as well as the delayed action of cetylpyridinium chloride 
following intrapcritoncal administration is of particular interest. At present no 
logical explanation can be advanced for these results. 

Cetylpyridinium chloride exerts a definite action on the cardiovascular system. 
This effect Is very much the same regardless of whether the compound is ad- 
ministered to an animal anesthetized W’ith sodium phcnobarbital or pithed. 
More studies arc necessary before this action can be explained, 

SUMMARY 

The acute as well a.s the chronic toxicity of cetylpyridinium chloride has been 
determined. The MLD in rabbits follouing intravenou-s administration was 20 
mgm. per kgm. Following oral administration this compound in an amount of 
400 mgm. per kgm. killed one out of six rabbits. It was found that cetylpyri- 
dinium chloride was most toxic following intraperitonenl administration. In 
many cases death was delayed for from three to six days. 

The results of the chronic toxicity tests indicate that cetylpyridinium chloride 
in the amounts administered for a period of four w<Mjks has no significant harmful 
effects. 

The irritant action on intact skin and mucous membranes was determined. 

Cetylpyridinium chloride exerted a “curarc-like" action. It produced a 
central stimulation and a peripheral paralysis, 
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